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Abstract—The development of automated driving systems is
currently limited by narrowly defined operational design do-
mains, restricting their deployment in real-world conditions. One
promising solution to overcome limitations is teleoperation, in
particular remote assistance. Remote assistance enables human
intervention in ambiguous traffic situations and incorrect sensory
perceptions of the vehicle where guidance or aid in decision-
making is needed. This allows us to solve problems that exceed
the vehicle’s capabilities. In order to develop a functioning
overall system and allow effective teleoperation, it is crucial to
consider human factors for potential remote operators. Currently,
there are a number of concepts about the interaction with
such remote assistance systems. However, it is unclear how
various interaction methods differ in terms of usability, workload,
required interaction time, and which types of information are
really important for remote operators.

To this end, this study investigates three interaction concepts
for remote assistance. Perception modification, trajectory guid-
ance, and setting waypoints are evaluated in terms of workload
(NASA-TLX), usability (UEQ-S), and preference ranking. Eye
tracking data were collected to analyze the visual attention
distribution of the provided information. Eighteen participants
took part in a controlled lab study using an interface to provide
maneuver-based solutions for six real-world driving scenarios in
which the automated vehicle requested assistance. The results
show that participants prefer the waypoint-based interaction
method the least, while usability and perceived workload do
not differ significantly between the interaction methods. All
show comparable levels of performance in terms of interaction
time. The remote assistance system used for this study requires
improvements regarding its overall acceptance, which will be
considered in the ongoing development process.

This research contributes to designing an optimized remote
assistance workplace, focusing on interface design, interaction
efficiency, and workload reduction. The insights gained will guide
further refinements in system design, ensuring that teleoperation
enhances the safety and efficiency of highly automated driving
in uncertain real-world conditions.

Index Terms—teleoperation, usability, highly automated vehi-
cles, remote assistance, workload

I. INTRODUCTION

The vision of fully autonomous vehicles has been in peo-
ple’s minds for a long time. Commuters and travelers dream
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of being able to use the time they spend inside their vehicles.

In addition to this vision, highly automated vehicles (HAVs)
have the potential to improve road safety by reducing the
number of accidents [1]-[3]. Efficient mobility concepts, such
as on-demand shuttles without safety drivers, can contribute
to the expansion of public transport. On the one hand, this
could compensate for the predicted shortage of staff in public
transport, and on the other hand, the economic efficiency of
transport companies could be reconciled with better access to
rural areas. These developments may also reduce the demand
for parking space, the number of privately owned vehicles,
and overall greenhouse gas emissions [4].

Despite various advances in automated driving, these de-
velopments remain largely confined to showcase scenarios. In
an ideal world of full automation, autonomous vehicles would
be able to handle all situations seamlessly on their own. Full
automation is indeed possible in closed systems with suitable
infrastructure, such as the London Underground or restricted
company premises. In the real world, however, we are still a
long way from full automation due to mixed traffic on public
roads and vulnerable road users.

These problems have led to a promising approach to teleop-
eration for Level 4 automated driving [5], [6]. Level 4 vehicles
operate fully autonomously (e.g., motorways or urban shuttle
routes) within their operational design domain (ODD). Passen-
gers in the vehicle are not responsible for disengagement, but
a remote operator intervenes in problematic, rare, unforeseen
or unclear situations and fulfills the purpose of a fallback
solution [7]. So far, HAVs are not able to function outside
their ODD. Even simple problems lead to disengagement of
the automated driving functions [5], [8]. Frequent problems
of HAVs are often related to perception problems, unfamiliar
situations, problems with decision-making, or ambiguity with
contradictory information. Frequently mentioned examples in-
clude roadworks with changed street alignments, manipulated
road signs (e.g., with stickers), road obstacles combined with
solid road marks, poor weather conditions, and poor visibil-
ity [9], [10]. Another key problem in mixed traffic is dealing
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with vulnerable road users due to ambiguous information or
dynamic obstacles. Among others, these situations need human
support to provide security and efficiency in road driving.

One potential solution to these challenges proposed by
academia and industry is teleoperation, an umbrella term for
remote driving, remote assistance, and remote monitoring,
with various realization concepts [7], [11]. According to [5],
remote assistance is defined as a remote-controlled support
function in which a human operator provides situational assis-
tance to an HAV without taking over the continuous driving
task. This assistance can be information allocation, decision
support, or control commands but remains limited to specific
scenarios that cannot be routinely controlled. The vehicle
remains responsible for the driving task and autonomously
implements the assistance it receives [7], [12] unless it ex-
plicitly enables the operator to directly control it. In other
words, remote assistance provides high-level decision support
in edge cases of automation [13] by using human information
processing capabilities and the ability to understand situations
semantically. So far, only a few examples of prototypical
systems for remote assistance exist. One approach established
a user interface with a simple tablet-based solution. Only the
most critical vehicle information is displayed without much
situational context. Suggested maneuvers are proposed so they
can be selected easily [14]. A more complex interface with a
multi-monitor setup displays detailed information, including
simulated driving situations, map information, and multiple
status indicators that can be used to analyze complex traffic sit-
uations such as construction zones or urban environments [15].
Possible concepts for the input of control commands by
the remote operator include waypoint or trajectory guidance,
interactive path planning, and changing perception [7], [16].

There is a significant research gap regarding which inter-
face is suitable for remote assistance and how the usability
of different interaction methods compares. The relevance of
various types of information can be linked to studies on remote
driving [17], [18] and expert discussion results [6]. Despite the
increasing importance of remote assistance, there is a lack of
empirical research on which types of information are essential
and how they should be presented to human operators.

It is known from various human-machine interaction re-
search that effective usage relies on interface designs that
support intuitive, efficient, and reliable collaboration between
humans and automated systems [19]. This also applies to
the interaction between remote operators and HAVs [11],
where operators must assess, decide, and intervene based
on limited visual and contextual information. Key concepts
for investigating remote assistance interfaces should include
usability, mental workload, and situational awareness. An in-
tuitive design can reduce mental demand and prevent cognitive
overload [20]. The interaction method itself plays a crucial
role, as its design can contribute to transparency, reduce
operational friction, and support intuitive use. Furthermore,
situational awareness can be positively influenced by a well-
structured interaction flow [21], [22], which in turn affects
reaction times [23], decision-making processes [24], and error

rates.

In order to understand and develop remote assistance in-
terfaces, it is essential to understand the types of information
required for effective interaction. Visual attention measured
with eye tracking can provide objective insights into visual
perception, workload, and situational awareness [25], [26],
complementing subjective evaluations. In addition, individual
differences such as affinity for technology [27], immersive
tendency [28]-[30], gaming experience, multitasking ability,
and responsiveness [31], [32] may influence user performance
and system perception.

Investigating these dimensions is therefore essential for
developing interfaces that are both usable and cognitively
efficient. This approach contributes to the field of remote assis-
tance for SAE Level 4 vehicles by presenting an empirically
grounded experimental setup to evaluate interaction quality,
usability, workload, and user acceptance, thereby supporting
the development of user-centered teleoperation interfaces for
future mobility systems. The study systematically investigates
the usability of remote assistance systems and addresses two
key research questions: 1) Do different interaction methods
have varying levels of usability, operator workload, and re-
quired interaction time? and 2) What types of information are
important in remote assistance?

II. METHODS
A. Stimuli and Apparatus

The experimental setup of the remote assistance station is
built in a laboratory room at the institute of the authors. It
is a multi-monitor setup consisting of three screens arranged
vertically one above the other, illustrated in Fig. 1. The upper
screen (screen one) displays the recorded driving videos (LG,
24 inches). The screen in the middle is referred to as the
dashboard and presents relevant information about the vehicle
and its surroundings (LG, 24 inches). The bottom screen is a
touch screen that is vertically mounted on the table for pen-
based interaction (Asus ProArt, 15,6 inches). It represents the
interactive unit where the driving maneuvers are performed.
In order to measure participants’ fixation on the different
screens, a SmartEye stationary eye tracker with four cameras
was installed around the screens.

Fig. 1. Experimental setup of the remote control station with a vertical triple
monitor configuration (video screen, dashboard, interactive unit) and a four-
camera based eye tracking system.



Fig. 2. Representative camera images from the six driving scenarios recorded
on a rainy day were used in the study. The scenarios cover various urban
and suburban conditions, including intersections, narrow streets, and road
construction zones.

Fig. 3. Custom dashboard interface for remote vehicle supervision. The layout
includes (from top to bottom) 1) problem notification, 2) communication
status indicators, 3) satellite map with vehicle position, 4) contextual driving
information, and 5) vehicle and sensor data.

The video screen displays the driving scenarios from a front
view, and the side mirrors are in the left and right bottom
corners. In total, six different driving scenarios, illustrated in
Fig. 2, were presented during the study on the upper screen.
All videos were recorded with three GoPro action cameras
mounted on the roof and the side mirrors of a car. The videos
were edited and cut with DaVinci Resolve 19 [33].

The dashboard and the interactive unit were created using
the Axure [34] prototyping tool, and all the information pro-
vided was in German. The dashboard (Fig. 3) contains various
static information. The displayed content is custom-made and
oriented on recommendations [15], [17], [18]. Furthermore,
this screen was used to show incoming vehicle requests (green
screen with textbox “incoming vehicle request”) and the break
screen (blue screen with textbox “’break’).

The interactive unit (Fig. 4) on which the users make their
input to solve the traffic situation consists of an abstract view
of the current driving situation from above and is oriented on
previous work [7], [22]. It contains the road, the obstacle as a
blue rectangle, a small map section, and a top bar showing the
current interaction method, editing tools, and a finished button.

Fig. 4. Overview of the three interaction methods provided by the interactive
unit: perception modification (left), trajectory guidance (center), and waypoint
setting (right).

All interactions are accomplished with the provided touch pen.
The participants can interact with the interactive unit in three
different ways. In the variant perception modification, there are
three selection buttons for ’free’, ’static object’, and dynamic
object’. The participants have the opportunity to indicate the
most suitable variant for the traffic situation. In the trajectory
guidance variant, the path to be taken by the HAV can be
drawn in; in the setting waypoints variant, waypoints to avoid
the obstacle can be tapped as dots on the road.

B. Procedure

The controlled lab study is designed as a within-subject
lab experiment in which the interaction method (perception
modification, trajectory guidance, setting waypoints) is the
independent variable. Workload, usability, and visual attention
are the dependent variables. In addition, an overall evaluation
of the provided setup for remote assistance is conducted.

Each participant was welcomed, informed about data protec-
tion and experimental procedure, and consented to voluntary
participation. The participants first completed questionnaires
on demographics, driving experience, affinity for technology
and gaming experience. The task of interacting with the remote
assistance interface was then explained to the participants and
the eye tracking system was calibrated. This was followed
by three test trials to familiarize the participants with the
interaction methods. This phase included accepting incoming
requests from the vehicles and confirming the interaction.
The 18 experimental trials were divided into three blocks.
In each block, the same six traffic situations were solved
using one of the three interaction methods. The order of the
six videos varied between the blocks. The sequence of the
interaction methods was randomized. The vehicle requests
occurred consecutively. The pauses between the submission
of a maneuver and the subsequent vehicle request varied
randomly between three and eight seconds. After each block, a
short break was taken during which the participants answered
the NASA-TLX [35] and UEQ-S [36] questions to evaluate
the interaction method. Afterward, they proceeded to the
following blocks of trials. Following the completion of all
three conditions and their subsequent evaluation, the overall
system was evaluated with regard to its acceptability and
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Fig. 5. Overview of the study procedure with a planned total duration of 45
to 50 minutes.

usability. Then, the relevance of the information provided
was assessed, and the interaction methods were ranked. There
was an opportunity for open feedback. Finally, the immersive
tendency questionnaire [28] was completed. In the end, the
participants were rewarded. An overview of the procedure is
provided in Fig. 5.

C. Measurements

This study uses different data types to evaluate the systems’
performance, the interaction methods regarding the associated
workload and usability, and socio-demographics. Empirical
performance metrics, validated questionnaires, and self-created
items are used. All scales are checked regarding internal
validity using Cronbach’s a.

The system’s and participants’ performance is measured
objectively with reaction times to incoming vehicle alerts as
well as the interaction time in each trial from acceptance of
the request to the submission of the maneuver. The exper-
iment runs in a custom Python script and records data in
milliseconds. Visual attention in terms of fixations in areas of
interest [25], defined as the three screens, is measured with the
four-camera SmartEye system [37]. The three maneuver-based
interaction methods are evaluated regarding the perceived
workload with the NASA-TLX [35] (apy = .62, ar =
17, aw = .78) and usability with the UEQ-S [36], [38]
(apy = .79, ar = .69, ay = .69)!. The setup as a whole
is evaluated in terms of its acceptance, usability, and the
relevance of presented information. Acceptance is measured
on the subscales usefulness (without item 3, o = .58) and
satisfaction (o = .62) [39]. Usability is measured with the
SUS questionnaire [40] (without item 7, a = .74). Open
feedback questions were asked to gain qualitative insights into
user experience, encountered limitations, and improvement
possibilities.

To describe the sample age, gender, education level, driving
frequency, vehicle usage and gaming experience (frequency
and genres) [41] are measured. Affinity for technology [27]
(v = .93) and immersive tendency [28], [30] with the two
subscales amount of involvement (o = .48) and emotional
involvement (o = .68) are measured to understand possible
trends in the results. All survey data is collected within a
LimeSurvey questionnaire (version based on PHP 8.2.28) [42]
on an additional tablet.

ICronbach’s o values for PM = perception modification, T = trajectory
guidance, W = setting waypoints

D. Sample

The sample consisted of 18 participants (11 male, 7 female)
recruited as potential remote operators of automated vehicles.
The age of the participants ranged from 19 to 35 years
(M = 26, SD = 4.38). All participants were native speakers
living in Germany and had a valid German driving license.
All had normal or corrected-to-normal vision. Participants re-
ported a moderate level of affinity for technology (M = 4.01,
SD = 1.01) on the ATI scale [27]. In terms of immersive
tendency, the sample showed a medium amount of involvement
(M = 26.24, SD = 5.25) and a high amount of emotional
involvement (M = 30.76, SD = 4.55). Given the small
number of test subjects, this is a rather heterogeneous sample.

E. Data Processing

All questionnaire and time evaluation data are analyzed with
R in RStudio [43], [44] using the packages dplyr, ggplot2,
tidyr, psych, readr, ez, tidyverse, patchwork, ggpubr, and
rstatix for computations and visualizations. In addition to
descriptive analyses, the assumptions for parametric testing
were evaluated using the Shapiro—Wilk test for normality and
Mauchly’s test for sphericity. Depending on the outcome,
either repeated-measures ANOVAs or Friedman tests were
conducted to assess whether descriptive differences between
interaction methods are significant. Where applicable, post
hoc comparisons were performed using Bonferroni-corrected
paired t-tests (parametric) or Wilcoxon signed-rank tests with
continuity correction (non-parametric).

III. RESULTS
A. Interaction methods

The participants’ responses to the NASA-TLX items for
workload measurements are illustrated as boxplots in Fig. 6.
A repeated-measures ANOVA showed no significant effect of
interaction method on mental demand, F'(2,34) = 1.48, p =
.243, with a small effect size (7?> = .029) and no significant
effect of interaction method on frustration, F'(2,34) = 3.03,
p = .062, with a small effect size (n?> = .059). For the other
four dimensions, the assumption of normality was violated.
Accordingly, the Friedman test was computed for those four
dimensions. There were no significant effects of the interaction
method on physical demand (x*(2) = 5.93, p = .052), on
temporal demand (x?(2) = 1.24, p = .538), and on perceived
performance (x?(2) = 1.76, p = .414). There is a significant
effect of interaction method on perceived effort (x?(2) = 6.58,
p = .037). Pairwise comparisons using Wilcoxon signed-rank
tests with continuity correction and Bonferroni adjustment
revealed no significant differences in perceived effort between
any pair of interaction methods (P-T: p = .345, P-W: p = .075,
T-W: p = .740).

Based on the NASA-TLX scale score calculation, each
interaction method is comparably low on a scale from 1
(low) to 21 (high). The means for the interaction methods
are M = 4.98 (SD = 2.34) for perception modification,
M = 691 (SD = 3.38) for trajectory guidance, and
M = 6.21 (SD = 2.94) for setting waypoints. The results
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of the Shapiro-Wilk test showed a violation of the normal
distribution (p < .05). A Friedman test revealed a significant
effect of interaction method on overall subjective workload,
x%(2) = 8.34 (p = .015). The executed post hoc Wilcoxon
signed-rank tests with Bonferroni correction showed that par-
ticipants reported significantly lower subjective workload in
the perception modification condition compared to trajectories
(p = .042) and waypoints (p = .030). No significant difference
was found between trajectory guidance and setting waypoints
(p = .828).

The participants reported medium UEQ-S values for all
interaction methods. The perception modification was rated
with a mean of M = 4.94 (SD = 0.85), the trajectory
guidance with a mean of M = 5.26 (SD = 0.73), and setting
waypoints with M = 4.81 (SD = 0.70). A repeated-measures
ANOVA revealed a significant effect of interaction method
on the usability (F'(2,34) = 4.08, p = .026), with a very
small effect size (> = .061). Pairwise comparisons using
Bonferroni-corrected paired ¢-tests showed a significant differ-
ence between the waypoint and trajectory guidance conditions
(p = .012). The other differences were not significant.

The results of the preference ranking illustrate that setting
waypoints is the least favored input method. The distribution
of participants’ preferences is provided in Fig. 7.

The mean interaction time in seconds was lowest for per-
ception modification (M = 28.11, SD = 6.84), followed by
trajectory guidance (M = 33.56, SD = 13.50), and highest
for setting waypoints (M = 36.26, SD = 14.84). A Friedman
test indicated no significant differences in the interaction time
across the three interaction methods, X2(2) =4.00, p = .135,
but a descriptive trend is visible. The time analysis over all
18 trials grouped for each interaction method is illustrated in
Fig. 8. It needs to be considered that the video order is different
for each interaction method. Over all trials it shows a decline
in the interaction duration. Further, some videos, especially
where other vulnerable road users are involved, took longer to
complete during the first interaction.
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B. Setup evaluation

Usability and acceptance ratings were analyzed to assess
users’ overall perception of the system. Participants reported
the overall usability with a SUS score of M = 66.76 (SD =
12.68), based on nine items (item 7 excluded), resulting in a
possible range of 0 to 90. The acceptance subscale usefulness
(excluding item 3) yielded a mean score of M = 2.06 (SD =
0.53). The subscale satisfaction showed a mean of M = 2.10
(SD = 0.42). Both scales range from 1 to 5.

The relevance of the presented information was rated from 1
(not relevant at all) to 7 (very relevant) for left mirror (M =
5.00, SD = 1.46), right mirror (M = 5.00, SD = 1.50),
frontview (M = 7.00, SD = 0.00), velocity (M = 2.61,
SD = 1.75), sensor information (M = 2.39, SD = 1.38),
map information (M = 1.72, SD = 1.36), and passenger
information (M = 1.18, SD = 0.39). The reported results are
illustrated as boxplots in Fig. 9.
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IV. DISCUSSION
A. Interaction methods

The three interaction methods (perception modification,
trajectory guidance, and setting waypoints) were evaluated
regarding user preference, interaction time, usability, and
workload. The preference ranking indicates that setting way-
points is the least favored method. Perception modification and
trajectory guidance are evaluated similarly. In particular, the
lack of preference for waypoints is consistent with the results
of expert discussions [6]. Participants reported that setting
waypoints was less intuitive, which may be due to the absence
of defined constraints, such as distance or the number of
points. Another approach can be the use of virtual reality (VR)
or extended reality (XR) to provide remote operators with
more information and create a highly immersive environment
of each driving situation. There are already several studies
on the use of VR or XR for remote driving [17] and in
vehicle take-over requests [45]. To date, this has not been
investigated for the remote assistance of on-road vehicles. It is
an open research question how VR or XR for remote assistance
could look like and what influence this has on intuitiveness,
performance, situational awareness, and mental demand. If
higher immersion is suitable for more abstract assistance and
frequent context switches, it warrants further investigation.
Preliminary implementations for robot teleoperation [46] can
guide further investigations in this direction. Furthermore, it
is essential to consider that for workplaces with several-hour
shifts, VR or XR could pose an additional load on remote
operators.

Additionally, interaction time for maneuver-based assistance
may influence input preferences. Perception modification was
the fastest interaction method, although this result must be
interpreted in light of its complexity. Selecting a predefined
obstacle category is inherently less time-consuming than tra-
jectory guidance or setting waypoints. Prior experience with
touch pens may have influenced the preferences and should
be recorded in future studies. The results for the interaction
time, categorized by interaction method, showed a decline

in the time needed to complete the interaction. This decline
likely reflects a learning effect, as participants understood the
scenario and subsequent inputs required less time. Besides
familiarity, learning effects can include motor learning and
thereby increasing interface navigation efficiency [47]. The
interaction order was randomized across participants to min-
imize carry-over effects. Still, repeated stimuli in different
conditions should be avoided in further studies. Instead, dif-
ferent driving situations should be pre-tested regarding their
complexity and distributed to the conditions in a matched
manner. Another open question is how motivation and fatigue
affect the evaluation of the interaction method over a more
extended period of time. 18 trials are not sufficient for this.
These effects could be investigated in a further study with
significantly more scenarios.

Perceived workload and usability were assessed to com-
plement the objective interaction data. Item-based analysis
of the NASA-TLX revealed significant differences for per-
ceived effort, although post hoc Wilcoxon comparisons were
inconclusive. In contrast, the overall workload assessment
showed significantly lower scores for perceptual modification
compared to the other two methods. The different levels of
abstraction can possibly explain this. Perceptual modification
requires classification rather than precise spatial input, which
contributes to lower cognitive effort. Usability scores differed
significantly between the waypoint and trajectory conditions,
though the effect size was small. This aligns with the reported
workload levels and supports the interpretation that trajectory
guidance was perceived as more usable and preferred in
comparison to the waypoint method.

B. Setup evaluation

Overall, the setup was slightly negatively evaluated in
terms of acceptance and usability, indicating the need for
improvements in future iterations. This may be attributed to
the limited functionality and static nature of interface elements,
which may have reduced the perceived realism and credibility
of the system. Furthermore, the use of the generic acceptance
scale proved suboptimal. Several items did not align with the
specific use case of remote assistance workplace evaluations,
indicating the need for a tailored measurement instrument in
future studies.

The evaluation of information elements supported the ini-
tial hypotheses regarding key aspects of remote assistance.
However, the static dashboard, absence of sensor errors, and
limited scenario variation require cautious interpretation. The
passenger-related information was displayed in this study,
but was not needed to solve any scenario. In real-world
deployments, a broader set of conditions (e.g., urban, rural,
highway) may lead to different informational needs. Especially
in high-demand contexts, such as public transportation or call-
based interventions, adaptive information presentation may be
beneficial [48]. However, such adaptivity should also consider
the cognitive cost of changing layouts or relocating key
information spatially.



Participants’ open feedback reinforced the quantitative find-
ings. Setting waypoints was often perceived as not intuitive
or unclear, while trajectory guidance was considered easier to
understand and control. Future research should investigate how
system feedback, visual guidance, or constraint-based design
can improve the clarity of waypoint interactions. Human sup-
port systems should be optimized for cognitively demanding
situations, especially when fast and precise responses are
required [22]. Moreover, acceptance and performance may
depend on context-specific variables, such as the type of tasks,
environmental complexity, and interface familiarity. Further
research should investigate how the relevance of information
varies depending on the task, the situational complexity, and
the cognitive costs associated with task and context switching.
When interpreting the results, it is essential to acknowledge
that this study involved only a small sample size. To generalize
the findings to real-world applications, additional studies with
more participants (n > 36)> and a broader range of driving
situation complexities are necessary [49]—[51].

V. CONCLUSION

The evaluation of the interaction methods suggests that
waypoints should be disregarded as an input method. The
importance of the information presented should be further
investigated in future studies that examine a wider range
of driving situations. Furthermore, future studies should ex-
amine the complexity of the situation and the task itself
in greater detail. In different situations, the various input
methods are likely to vary in their suitability for assisting
the vehicle. These factors require further consideration. The
usability evaluation of the remote assistance setup reveals a
need for improvements in the implementation. Despite the
limitations, including the simplified setup version, small effect
sizes, considerable variance in the results, and a small sample
size, the study provides valuable insights into the usability
and behavior in realistic remote assistance workplaces. By
identifying usability challenges and cognitive demands, this
study provides a foundation for enhancing the role of human
operators in teleoperated vehicle support.

Supplementary material is available at https://osf.io/4mc;j3.
This includes all questionnaire items, the Python code for
running the experiment, the datasets, and the analysis scripts.
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