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Trust Calibration Revisited: The Trust Calibration Points Framework for Automation and Artificial 
Intelligence 

Nadine SCHLICKER, Matouš JELÍNEK, Markus LANGER, Ewart DE VISSER 
Marburg University, Germany 
 
As artificial intelligence (AI) increasingly supports human decision-making, addressing the challenge of 
opaque models and fostering trust in AI systems becomes critical. Trust in AI must be “calibrated” - 
enabling users to rely on accurate recommendations and reject incorrect ones. Calibrated trust is 
therefore considered an important factor for human-AI decision-making. However, definitions on 
"calibrated trust" are heterogeneous and research on “calibrated trust” often lack conceptual clarity, which 
highlights the need for a unified model that integrates different approaches. We argue that this 
heterogeneity stems from the lack of a unified trust model. Building on the Trustworthiness Assessment 
Model and the Organizational Trust Model, we propose the Trust-Calibration Points (T-CaP) Framework as 
a solution. Within the T-CaP framework, we identify and elaborate on six calibration points within the trust 
development process that help a) to diagnose where a potential miscalibration might have occurred, and 
b) how to counteract these miscalibrations. These points include maximum joint performance 
benchmarking, trustworthiness assessment, alignment of individual standards, risk-benefit assessment, 
dispositions, and behavioural adaptation. By providing theoretical and terminological clarity, the T-CaP 
framework addresses conceptual challenges and offers actionable insights for researchers and 
practitioners to refine trust calibration and improve collaboration between humans and AI systems. 

 

Trust in Automated Vehicles Predicts Over-reliant Pedestrian Behaviour 

Daniel EISELE Anja Katharina HUEMER 
Universität der Bundeswehr München, Germany 
 
Research on human–automation interaction has long emphasized the joint influence of human and 
automation-related factors on over-reliance. Yet studies traditionally focus on operators of automation, 
with little attention to incidental users (who encounter automated systems in their environment but are 
not their primary users). To address this gap, this study examined whether trust in automated vehicles 
shapes over-reliant pedestrian behaviour. An open dataset from a published laboratory study (Eisele et 
al., 2024) was reanalysed, where over-reliance was operationalized as initiating crossing in front of a close, 
non-yielding vehicle. A logistic GLM was fitted to compare the predictive strength of trust with those of 
vehicle-to-pedestrian message type and the built environment. Trust was a strong positive predictor of 
over-reliant behaviour, whereas explicit communication of intent had an even larger effect in the opposite 
direction. Environment had no meaningful effect in this dataset. These findings provide some of the first 
evidence that the predictors identified in supervisory control research can extend to incidental users of 
automation. The findings further suggest that while latent human factors, like trust, critically shape 
pedestrian behaviour, designable system elements, such as vehicle messaging, offer means to reduce 
over-reliance and promote safety across diverse users and contexts. 

  



 
 

6 
 

A human-machine interface for efficient and stable blast furnace operation 

Yoshinari HASHIMOTO, Max MULDER, Marinus M. VAN PAASSEN 
JFE Steel corp., Japan 
 
To achieve the efficient and stable operation of a blast furnace (BF) in the steel industry while retaining 
the critical skills of expert human operators, we developed a novel human-machine interface (HMI) 
grounded in ecological interface design (EID) principles. The BF is a complex, large-scale chemical reactor 
to produce hot metal where internal temperatures can reach up to 2000 °C. Due to the inherent difficulty 
of full process automation, the EID framework was adopted to maximize operators’ situation awareness 
and keep human expertise central to decision-making. The developed ecological interface (EI) enhances 
manual control using a transient model, allowing operators to explore the best control action by showing 
the predicted future states of controlled variables resulting from their hypothetical control actions. 
Furthermore, the developed EI raises situation awareness by explicitly providing the mass and energy 
balance linking the control means and ends. To facilitate comprehensive training, an operation simulator, 
capable of running at 300 times real-time speed, was integrated with the developed EI. Experiments with 
16 subjects across two scenarios demonstrated that the EI was effective in combining the efficiency and 
stability of BF. Future efforts will implement this interface in an actual BF to confirm its practical 
effectiveness. 

 

The good, the bot, and the user: Hybrid automation to harmonize performance and human factors 
at the intersection of adaptive and adaptable systems 

Jonas DE BRUYNE, Durk TALSMA, Lieven DE MAREZ, Klaas BOMBEKE 
Ghent University, Belgium 
 
As automation increasingly supports complex monitoring tasks, balancing system performance with 
human factors remains a central challenge. Flexible automation offers a promising path, yet the optimal 
configuration—adaptive, adaptable, or hybrid—remains debated and the alternatives were never directly 
compared. This study compares adaptive (system changes automatically), adaptable (user configures the 
system), and two forms of hybrid automation: hybrid-override (system-driven with user override) and 
hybrid-recommendation (system-suggested, user-approved). Participants completed a dynamic traffic 
control task under each condition. Subjective and objective measures were collected, including perceived 
autonomy, competence, role perception, preference, satisfaction, workload, situational awareness, and 
operator and system performance. Results confirmed the trade-off between performance and human-
centred outcomes: adaptive automation yielded highest performance, whereas adaptable automation 
enhanced perceived autonomy, competence, and satisfaction. Hybrid approaches represented a middle 
ground but they balanced the two sides differently. The results suggest that hybrid-override leaned 
toward system efficiency, while hybrid-recommendation better preserved human experience. Notably, 
design variations critically shaped user perceptions and outcomes despite identical automation functions. 
These findings highlight that hybrid automation is not a monolith; specific design choices substantially 
influence the balance between human and system goals. The study calls for an integrative framework to 
guide future hybrid automation design. 
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Executive Functions in Adaptive Performance: Insights from Driving-Simulator-Based Research 

Eva GÖßWEIN, Magnus LIEBHERR 
University of Duisburg-Essen, Germany 
 
As simulated environments continue to expand across research and applied domains, understanding the 
underlying processes of human adaptation to these systems remains essential. This study investigated 
the role of three core executive functions (working memory, inhibitory control, and cognitive flexibility) in 
adaptive driving performance. Drawing on both a systematic review and an empirical driving simulator 
study, the research examined how these cognitive functions contribute to adaptive performance in 
dynamic, technology-mediated contexts. Findings from both evaluations revealed no significant roles for 
working memory or inhibitory control, whereas cognitive flexibility demonstrated a partially significant role 
in supporting adaptation to coordinative and environmental changes. These results suggest that adaptive 
performance in simulators depends less on memory and inhibition, but more on the ability to adjust one’s 
thinking, behaviour, and strategies in response to changing task demands and environmental conditions. 
Moreover, the findings underscore the need to investigate the moderating role of change complexity, 
emphasizing the importance of accounting for technology's complexity in adaptation research. By 
differentiating executive function contributions, this work advances human factors research on the 
underlying processes of adaptation.  

 

A comparative study of driver gaze behaviour in Sweden and Japan using driving simulators 

Yuqing ZHAO, Yuqing ZHAO; Koki HOSHINO, Nitta YUKI, Jordanka KOVACEVA, Sarang JOKHIO, Koji MIZUNO, 
Robert THOMSON 
Mechanical Systems Engineering, Nagoya University, Japan 
Vehicle Safety, Chalmers University of Technology, Sweden 
 
Although previous research has focused on drivers’ visual behaviour during naturalistic driving, less 
attention has been given to age-related differences across different countries. This study investigates the 
effects of ageing on driver responses and gaze behaviour in car-to-cyclist intersection scenarios using 
driving simulators in Sweden and Japan to explore the similarities and differences. Thirty-eight younger 
and 24 older licensed drivers participated in the Swedish experiment, which included two urban scenarios 
identical to those used in Japan. The results were compared with data from two Japanese experiments, 
involving 15 younger and 25 older drivers in the first experiment and 9 younger and 16 older drivers in the 
second experiment. The results showed that Swedish participants, both younger and older participants, 
focused their gaze on the near side of the road during driving. Older participants focused their gaze more 
on the near side than younger participants. Conversely, younger Japanese participants directed their gaze 
toward the centre of the driving roadway. Older participants, regardless of country, directed their gaze 
closer to the near side. These findings may help to understand age-related differences in visual behaviour 
across different cultural backgrounds to support the development of driver monitoring systems and 
advanced driver assistance technologies. 
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How Momentary Travel Experience Shapes Post-Trip Evaluation: Evidence from an Experience 
Sampling Study in Hamburg 

Esther BOSCH, Klas IHME, Stefan BOHMANN 
German Aerospace Center, Germany 
 
Psychological research suggests that retrospective judgments of experiences rely on heuristic rules that 
are strongly shaped by the most intense and the last moments of an episode (Peak - End rule). However, 
public transport studies to date mostly report patterns closer to weighted averages than to simple 
heuristics, although this evidence is limited by low temporal resolution and small samples. This study 
investigates which summary of within-trip experience best explains remembered travel satisfaction. 239 
participants recorded 1,666 intermodal trips in Hamburg, Germany, using a smartphone app asking eight 
experience questions every five minutes and a comparable set of questions immediately after each trip. 
We examined several possible aggregation rules (including peak–end, mean, minimum-end, and duration) 
by estimating mixed-effects models. The results show that a minimum-end rule, combining the most 
negative moment of the trip and the final moment, provided the best model fit. This indicates that 
travellers’ final evaluations depend strongly on the worst and the last parts of the journey, rather than on 
the average experience or trip length. Hence, reducing particularly negative moments and improving the 
final phase of a trip may meaningfully increase overall travel satisfaction and support a long-term shift 
towards sustainable mobility. 

 

Ergonomic correlates of physical brake preparedness for two- and three-wheel vehicle users 

Cailis BULLARD, Sonja HAUSTEIN, Ravi SESHADRI, Felix Wilhelm SIEBERT 
Technical University of Denmark, Denmark  
 
The number of two- and three-wheelers in urban road environments is increasing, leading to new 
questions on safe deceleration behaviour on a more crowded infrastructure. And while e.g. bicycles and 
e-scooters look different, they share key ergonomic features, including handlebar steering and hand-lever 
braking systems, resulting in similar brake system operation. Here, understanding how users physically 
prepare to brake is particularly important, as preparedness can improve reaction time and brake 
performance. This study examines patterns of physical brake preparedness (at least one digit on the brake 
lever) among two- and three-wheel vehicle users in Copenhagen, Denmark. Using naturalistic video data 
collected across four urban bike path locations, instances of physical brake-preparedness, as well as 
person- (e.g., demographic and behavioural), vehicle-, environment-, and traffic-related factors were 
collected. Data was collected across two interaction sites (with adjacent pedestrian path) and two non-
interaction sites (without adjacent pedestrian path) to understand physical brake preparedness under 
differing traffic scenarios. A discrete choice analysis is employed to uncover patterns and estimate the 
relationships between variables and brake preparedness. Findings from this research contribute to a 
better understanding of user behaviour across these vehicle types and provide data that can be used to 
design better braking systems. 
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Does Kawaii Design Travel? A Cross-Cultural Evaluation of User Reception and Interaction Patterns 

Béla Leon Milan WILSDORF, Robert P. SPANG 
TU Berlin, Germany 
 
As interactive exhibition technologies increasingly serve global audiences, a critical question emerges: Do 
culturally-specific design aesthetics—such as Japan's kawaii (cute) design language—resonate 
universally, or do they create differential experiences across cultures? This study examines the Circular 
audio guide deployed at the German Pavilion during Expo 2025 Osaka, which employed a deliberately 
kawaii-oriented design. We present a novel mixed-methods approach triangulating unobtrusive 
behavioural data (N>20000 device logs capturing dwell times, completion rates, and interaction patterns) 
with post-exhibition surveys (N=193) measuring usability, acceptance, and affective responses. This 
combination of objective usage behaviour with subjective perceptions enables investigation of whether 
culturally-adapted design elements—visual aesthetics, voice characteristics, and interaction paradigms—
differentially impact visitor engagement across Japanese, German, and international audiences. 
Therefore, this study investigates, whether (1) visitors from different backgrounds exhibit distinct 
interaction patterns, (2) how cultural variables correlate with perceived usability and acceptance of kawaii 
elements, and (3) what engagement patterns emerge across visitor typologies? This research contributes 
theoretically—advancing understanding of cultural adaptation in HCI—and methodologically—
demonstrating how real-world behavioural logging can be triangulated with traditional UX measures. We 
offer evidence-based recommendations for designing interactive technologies serving multicultural 
audiences.  

 

Validation of the Clear and Unambiguous Questionnaire 

Marijke VAN WEPEREN, Susanne LOUVENBERG, Marieke MARTENS, Jeroen HOGEMA 
TNO Integrated Vehicle Safety, The Netherlands 
 
With the ongoing development of Advanced Driver Assistance Systems and Automated Driving Systems, 
driving is becoming increasingly automated. This causes a growing importance of ensuring safe 
interaction between drivers and systems with different levels of automation. A key requirement for 
information presented to users through the Human Machine Interface is that it must be “clear and 
unambiguous”. In previous research, we designed a questionnaire capable of distinguishing between HMIs 
with varying levels of clarity and unambiguity. The present study extends this work by providing additional 
validation. 37 participants evaluated 24 different HMIs in a driving simulator using the questionnaire. The 
HMIs were designed to be good, average or bad in terms of clarity and unambiguity. Participants were 
selected for two user groups, either with or without experience with Advanced Driver Assistance Systems. 
This validation builds on earlier research by incorporating more representative HMI designs across various 
quality levels and user groups. The results showed that the questionnaire discriminated among the 
different designs for both user groups, indicating that the questionnaire is a valid tool for evaluating HMI 
clarity and unambiguity independent of whether the user has prior experience with automation or not. 
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Team Composition Matters?! – An Examination of Team Perception in Human-AI-Teams 

Michèle RIETH, Anna-Sophie ULFERT-BLANK, Vera HAGEMANN 
University of Bremen, Germany 
 
Artificial intelligence (AI) is increasingly integrated into organizational teams, yet it remains unclear how 
different human–AI team compositions influence perception. We examine how team composition affects 
perceptions of team ability, benevolence, integrity, and similarity. In vignette study 1, 159 participants were 
randomly assigned to one of three teams in a warehouse logistics scenario: (1) two humans and one AI, (2) 
one human and two AIs, or (3) three humans. After reading the scenario, participants rated team 
characteristics. We expected all-human teams to be perceived more positively. Results show that 
perceived team benevolence and integrity were significantly lower when humans were in the minority. As 
expected, perceived similarity among humans was higher than between humans and AIs, while general 
similarity and team ability did not differ significantly. Assigning defined and comparable roles to humans 
and AIs may have reduced perceived differences. Therefore, a second vignette study (N = 159) with greater 
role ambiguity was conducted to reassess these findings. Study 2 replicated Study 1’s results, showing 
differences mainly in affective dimensions between human-minority and human-majority teams. Overall, 
the findings highlight the importance of a human majority for positive team perception and offer practical 
guidance for organizations integrating AI into teams. 

 

Assessing Domain Knowledge Requirements for LLM-Based Decision Support in Nuclear Control 
Room Operations 

Michael HILDEBRANDT  
Institute for Energy Technology, Norway 
 
Large language models have potential applications in safety-critical domains, but their deployment as 
advisory tools requires validation of domain knowledge accuracy. This study evaluates the quality of LLM-
generated emergency operating materials from a nuclear power plant operator perspective. Using Claude 
Sonnet 3.5, we generated four types of operational materials: emergency operating procedures, 
operational problem analyses, causal analyses, and crew briefing dialogues. Ten licensed nuclear control 
room operators reviewed these materials and provided structured qualitative feedback through 
interviews. Operators rated the overall quality as good to very good, noting realistic procedural structure 
and appropriate technical terminology. However, systematic deficiencies emerged in three areas: time 
estimate accuracy for operational sequences, inconsistent use of plant-specific terminology, and 
excessive verbosity in procedure documentation. These findings indicate that while current LLMs 
demonstrate substantial domain understanding, direct deployment without mitigation strategies would 
introduce operational risks. We propose two complementary approaches to address these limitations: 
integration of plant-specific knowledge graphs to enforce terminology consistency and temporal 
accuracy, and implementation of agentic workflow systems to constrain output length and structure. 
These methods may enable reliable LLM deployment in control room decision support while maintaining 
the safety margins required in nuclear operations. 
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Acute stress in first responders: A systematic review of factors, operational effects, and regulation 

Adolphe J. BÉQUET, Morgane LACROIX 
Gustave Eiffel University, France  
 
First responders operate in dynamic, safety-critical environments where acute stress can degrade 
cognitive performance and compromise operational reliability. Previous reviews catalogued firefighter 
stressors, primarily in relation to PTSD and chronic outcomes, but operational consequences of acute 
stress and regulation strategies remain underexplored. This pre-registered systematic review 
(osf.io/fu42r/) addresses this gap, synthesizing firefighter and EMS research to inform polyvalent first 
responder contexts as found in European systems. Following PRISMA guidelines, 1,248 records from eight 
databases were screened; 23 empirical studies (2005–2023, 13 countries) met inclusion criteria. Acute 
stress emerged from the interplay between contextual (e.g., incident criticality), inter-individual (e.g., 
experience), and intra-individual factors (e.g., personality). Operational effects included slower task 
execution, degraded decision-making, and increased errors, with physiological markers correlating with 
performance decrements. Although dispositional resources (e.g., trait mindfulness) and collective factors 
(e.g., social support) appeared protective, experimental evaluation of regulation interventions remains 
scarce. The current corpus will be supplemented through snowballing prior to final analysis. This review 
provides a foundation for neuroergonomic interventions: integrating validated stressors into high-fidelity 
simulation, combining wearable monitoring with regulation techniques (e.g., TOP, ORFA) and human 
factors training, and developing adaptive decision-support interfaces to help European fire and rescue 
services implement evidence-based acute stress management.  

 

Improved Visual Ergonomics in a New Eye Hospital 

Kristina TEÄR FAHNEHJELM, Federico FAVERO, Mattias NILSSON, Per NYLÉN, Jörgen EKLUND 
Karolinska Institutet, Sweden 
 
Eye care professionals perform visually demanding work, for which increased risk of eye problems has 
been reported. A new eye hospital was built in 2020 with a focus on improving the visual and lighting 
environment. The aim of this study was to evaluate visual ergonomics and eye strain symptoms among 
employees in the new eye hospital compared with the old one. A validated questionnaire assessing 
experiences of light, visual ergonomics, lighting, eye symptoms and discomfort was used. Sixty employees 
participated. Wilcoxon rank-sum test and Welch's t-test were used for the analysis. The new examination 
rooms used daylight, an updated lighting system, blackout curtains and a remote control. An improved 
visual environment was reported by 85% of the employees. Blocking daylight with electrical curtains, 
necessary during eye examinations, was easier in the new vs old hospital (83% vs 50%) (p<0.001), as was 
restoring daylight (80% vs 40%) (p<0.001). Overall, the lighting in the new hospital was perceived more 
harmonious, pleasant, welcoming, modern, futuristic, decorative, functional, hygienic, warm and bright 
(p<0.001). However, sunshine reflected from the neighbouring building through large windows in the new 
hospital contributed to increased light sensitivity (p< 0.05) and headaches (p< 0.05). Additional 
improvements are presented. 
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How Organisational Culture Shapes Accident Investigation Quality: A Human-Factors Perspective 

Jelena LEZDKALNE 
University of Latvia, Latvia 
 
Accident investigations are intended to reveal the causes of workplace events and support effective 
prevention. However, their quality is strongly influenced by the human and cultural environment in which 
investigations occur. This study examines how organisational culture and human-factor mechanisms 
shape depth, accuracy, and systemic value of accident investigations in heavy-industry settings. The 
analysis combined a retrospective review of investigation reports with semi-structured interviews 
conducted with safety specialists, and investigation team members. The interviews explored investigators’ 
perceptions of organisational expectations, leadership signals, reporting pressures, and confidence in 
identifying human and organisational factors. Findings show that cultural characteristics, such as 
production pressure, low psychological safety, fear of blame, and a strong focus on personal behaviour, 
significantly limit the integration of human-factor principles into investigations. Interview participants 
reported that time constraints, pressure to avoid escalation, and inconsistent definitions affected their 
ability to analyse systemic contributors. In contrast, sites with learning-oriented cultures demonstrated 
more open discussion, better recognition of context and latent conditions, and stronger investigative 
reasoning. The study concludes that organisational culture acts as a filter determining which causes are 
explored, how evidence is interpreted, and how effectively human factors are integrated into accident 
investigations. 

 

Personalized, adaptive, and real-time noise management for manufacturing workers (HDT-NOISE) 

Sajjad SHOOSHTARI, Marco MANDOLFO, Matthias KLUMPP 
Politecnico di Milano, Italy 
 
Conventional occupational noise management relies on uniform upper threshold limits (e.g., EU Directive 
2003/10/EC), assuming workers are affected equally by noise from a long-term perspective. However, 
our experimental evidence from 59 participants shows that its short-term impacts on performance, 
physiological responses, and psychological states are highly individual. This highlights the limitations of 
one-size-fits-all approaches and the need for human-centric, personalized solutions. This study presents 
the blueprint for a Human Digital Twin for noise management (HDT-NOISE): a personalized, adaptive 
system that captures and analyses each worker’s unique physiological, psychological, and performance 
responses to noise in real time. The system operates in two stages. Phase 1 develops individualized 
response models by mapping how noise exposure influences physiological markers (cortical or cardiac), 
subjective experience, and task performance in a controlled scenario. Phase 2 integrates continuous 
monitoring and real-time adaptation during task execution: when a worker enters a suboptimal 
physiological, psychological, or performance state, the system identifies beneficial adjustments and 
recommends them to restore optimal performance and well-being. This work contributes to Human 
Factors research by advancing models of individual variability and adaptive human–system integration in 
noise management. It has direct practical implications for productivity and well-being enhancement in 
occupational settings.  

Comparing Real-World and Simulated Operational Demands: Implications for Adaptive Assistance 
System Design 
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Estefany REY-BECERRA, Matthias HARTWIG, Patricia TEGTMEIER, Sascha WISCHNIEWSKI 
Federal Institute for Occupational Safety and Health - BAuA, Germany 
 
Dispatchers in energy control centres operate under substantial cognitive demands, making adaptive 
assistance systems (AAS) essential for supporting operator states. Effective AAS requires real-time insight 
into mental workload, fatigue, attention, and emotional responses. We investigated user states through 
two complementary studies conducted within the same energy company: a field study with 23 dispatchers 
assessed during regular shifts, and a simulator study with six dispatchers who completed two 
counterbalanced scenarios differing in intended strain level. Participants completed standardized 
measures including Workload Profile, Activation–Deactivation Adjective Check List and Flow Experience 
Questionnaire. Self-reports revealed subtle but consistent differences between the field task, the low-
strain simulator scenario, and the high-strain scenario. Flow scores were comparable across all conditions, 
whereas tense arousal and SAM arousal were pronounced in the high-strain scenario. Workload Profile 
data showed notably lower response workload in both simulator scenarios relative to field operations. 
Overall, the simulator reproduced experiential aspects of real work while differentiating task difficulty. 
Interviews indicated that elevated arousal in the high-strain scenario stemmed primarily from frustration 
with interface discrepancies rather than genuine operational stress. This confound led to early termination 
of the study and reduced data interpretability, underscoring the importance of interface design in 
simulator-based workload research. 

 

How to measure and influence safety culture: A framework based on ethnographic observations 
of positive practice 

Mariam MASTOUR, Thomas KOESTER 
FORCE Technology, Denmark 
 
Safety culture, in industrial settings and from a macro-ergonomic perspective, is often studied and 
measured through quantitative methods such as questionnaires and surveys. These methods can “take 
the temperature” of the safety culture and pinpoint areas for improvement. However, the data alone does 
not guide or provide content for interventions. This submission presents an alternative framework for 
measuring cultures in safety-critical environments. By means of data collection and safety culture 
analysis, we use ethnographic and in-situ methods that generate rich qualitative results which can directly 
serve as input for activities aimed at reinforcing safety culture. The framework is based on findings and 
insights produced by the methods. These are not only passive measurements but also examples from 
practice which can uncover solutions for an improved safety culture and support continuous 
improvements - for example, when designing work conditions communication and teamwork. Consistent 
with the philosophies of Safety as Capacity, Safety Differently, and Safety-II, the methods focus on positive 
practices and how these can be reinforced. As a pilot study and to demonstrate the framework in action, 
we will present several cases from different control-room-based industrial settings, together with 
testimonials from industry leaders about the relevance and value of the results.  
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Anticipating Robot Actions: How Predictive Cues Shape Performance, Trust, and Visual Attention in 
Industrial HRI 

Lara NAENDRUP-POELL, Linda ONNASCH 
TU Berlin, Germany 
 
The increasing use of collaborative robots (CoBots) requires interaction that is intuitive and predictable. 
Visual cues, such as eyes or arrows, may support this predictability by indicating upcoming robot actions. 
We conducted two laboratory studies (N₁ = 42, N₂ = 42) to examine how such cues displayed on an 
industrial CoBot influence performance, trust, and visual attention during a cooperative task. Both studies 
used a mixed design in which participants interacted with a Sawyer robot equipped with eyes, arrows, or 
no cues across pre-failure, failure, and post-failure phases. Participants predicted the robot's movement 
target while reaction times, trust, and eye-tracking measures were collected. Study 2 is a replication of 
the first study. Across both studies, predictive eyes led to faster predictions compared to no cues. 
Following a cue-action mismatch however, both cue types produced a temporary performance decrease, 
reducing the initial advantage. Performance recovered during subsequent error-free trials, with a 
tendency for the eyes condition to regain an advantage over no cues. Eye-tracking supported these 
behavioural patterns through shifts in fixation allocation. Trust showed the expected formation, 
dissolution, and restoration trajectory. These findings demonstrate that predictive cues can enhance 
performance but remain sensitive to reliability in industrial HRI.  
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Behavioural Adaptation to Automated Vehicles in Mixed Traffic – a Longitudinal Simulator Study 

Frauke BERGHOEFER, Vanessa SCHMIDT, Mark VOLLRATH 
Technische Universität Braunschweig, Germany 
 
With an increasing number of automated vehicles on the roads, manual drivers are more frequently 
exposed to what is called mixed traffic, in which automated vehicles (AVs) and human-driven vehicles 
(HDVs) share the roads. While AVs are designed to behave defensively, rule-compliant, and anticipatory 
in order to increase traffic safety and efficiency, their long-term effect on human drivers remain uncertain. 
How do human drivers react to mixed traffic? Do they adapt their driving behaviour to the safe driving style 
of AVs as they become more familiar with them? Is a potential adaptation affected by marking AVs 
externally? In a longitudinal simulator study with seven sessions, N = 102 participants experienced highway 
drives in mixed traffic with merging and overtaking scenarios and speed limits. The marking of AVs and 
instructions about their presence were varied between participants. Data analysis is ongoing, but if 
adaptation occurs, participants’ distance measures and speeds should approximate those of AVs. Marking 
AVs might even strengthen this effect. However, if no adaptation occurs, der defensive driving style of AVs 
could be perceived as negative and disruptive to traffic flow, leading to shorter distance measures and, 
hence, reducing traffic safety.  

 

Comfort-Optimized Safety Belt for Non-Driving-Related Activities in Automated Vehicles 

Ronny DASZINNIES, Thomas WOHLLEBE, Michael WENG, Steffen MÜLLER 
Volkswagen AG, Germany 
 
As vehicles progress toward higher levels of automation, occupants will increasingly value comfort and 
the ability to perform non driving-related activities, while conventional three-point belts remain optimized 
for safety rather than comfort. We therefore investigate whether reduced belt force and intentional belt 
slack can enhance perceived seatbelt comfort. We conducted an online survey (N = 640) in which 
respondents, based on their everyday vehicle use, evaluated comfort across several body regions (e.g., 
neck, chest) and perceived movement restrictions during typical in-vehicle activities. The results indicated 
potential benefits of lower belt forces and suggested that task-specific constraints may be alleviated by 
controlled intentional belt slack. Built on these insights, we executed a user study in a moving vehicle (≤ 
30 km/h) that systematically varied belt configurations (standard setting, reduced belt force, belt slack) 
while participants completed a standardized sequence of in-vehicle activities. The primary measure was 
perceived comfort / discomfort. Secondary measures included perceived freedom of movement and 
perceived safety, collected via structured questionnaires. With the combined results of the online survey 
and the user study, our work provides empirical insights into restraint concepts for automated vehicles 
that better balance comfort, freedom of movement and safety.  
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Understanding automation takes time: the development of mental models in urban partially 
automated driving 

Elena Malaika NKUSI, Klaus BENGLER 
Technical University of Munich, Germany 
 
Partially automated driving systems are becoming increasingly available in urban environments. However, 
the repeated use of these systems may lead to undesired driver adaptation. Research indicates that users’ 
experience with a system shapes their mental models, yet how this principle applies to repeated use of 
automated driving systems and its link to driving performance remains unclear, especially regarding 
varying system reliability. This work investigates the development of mental models in this context and 
examines potential relations to driving performance. A driving simulator study (N=51) was conducted with 
six drive repetitions along an urban route with intermissions of 1-2 days. One of two experimental groups 
experienced a system failure in the first drive. Mental models were assessed using a questionnaire 
distinguishing between the system assessment and the respondents’ answering confidence. Analysis is 
ongoing, yet initial findings show increasing answering confidence across repetitions while the level of 
system understanding remains stable. Final results are expected to clarify how mental models develop 
under repeated exposure, how system reliability shapes them and how their calibration relates to driving 
performance. These insights can inform the design of systems that monitor drivers’ cognitive states and 
support targeted interventions, such as appropriate tutorial or notification concepts. 

 

Regaining Situational Awareness as a User in Charge: Responding to Transition Demands in 
Automated Vehicles  

Clare MUTZENICH, Laurie BROWN, Gary BURNETT 
Loughborough University, United Kingdom 
 
As self-driving technologies become more prevalent, questions arise regarding the legality of engaging 
in Non-Driving Related Activities (NDRA), in vehicles where a ‘user-in-charge’ (UiC) is still expected to take 
back control under certain conditions. Under UN Automated Lane Keeping System (ALKS) rules, the UiC 
has 10 seconds to take control after a takeover request. Data is needed to provide evidence-based insights 
that will inform future policy development and contribute to safer implementation of self-driving 
technologies. This project, undertaken on behalf of the UK Department for Transport, explores the 
transition from automated driving to human-operated driving, focusing on the role of the UiC. Upon 
receiving a takeover request, the UiC must build Situational Awareness (SA) from the surrounding road 
environment to enable a safe takeover. SA is critical for safe driving. A simulator study was carried out with 
60 participants. The main objectives were: (1) Investigate which NDRAs, if any, can be safely performed 
during non-driving periods, with a particular focus on comparing NDRAs carried out in the vehicle’s HMI 
(human-machine interface) and NDRAs using a mobile phone. (2) Establish mechanisms for measuring SA 
and determine appropriate thresholds to ensure safe takeover. 
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Spatial processes: What happens if you “go blind”? 

Marianne JARRY, Colin BLÄTTLER, Gregory FROGER, Anne-Lise MARCHAND, Jean-Christophe HURAULT 
Centre de Recherche de l'Ecole de l'Air et de l'espace, Salon-de-Provence, France  
 
Aviation is a complex and dynamic environment that requires crew members to perform various cognitive 
operations, including spatial representations based on either the aircraft or a fixed ground reference. On 
modern aircraft, such spatial information is often conveyed visually via data link systems. However, in 
degraded situations (e.g., data link failure), the same information is transmitted solely through radio 
communication. This study aimed to compare the performance of combat aviation experts and novices in 
an audio aeronautical task (AAT), and to evaluate performance improvements following training. Results 
showed that experts responded significantly faster than novices, although error rates did not differ. 
Training in the AAT led to significant improvements in both response times and error rates among novices. 
These findings suggest that spatial representation skills based on auditory-verbal information can be 
enhanced through targeted training, offering a promising and cost-effective approach to support 
expertise development in degraded flight conditions and potentially in civil aviation contexts.  

 

What if we could do better? Enhancing airport resilience against unexpected events using a 
simulation platform with extended what-if capabilities 

Inbal HAAS, Yves GÜNTHER, Jan KNICHEL, Marcel PULST 
German Aerospace Center (DLR), Germany 
 
Unexpected events such as aircraft accidents at airports can interrupt operations extensively. Upon such 
an event, airport stakeholders begin planning for recovery, with the aim of resuming normal activity as fast 
as possible. To this end, they have various tools at their disposal, but these usually do not promote the 
collaboration between parties. In this paper, a What-if tool is proposed that supports collaborative 
decision-making at the Airport Operations Center (APOC). This tool enables testing different solutions for 
overcoming expected and unexpected events at airports. It facilitates the immediate evaluation of these 
solutions, and the identification of the optimal one that maximizes benefits for all parties. A Human-In-the-
Loop (HITL) exercise was conducted with a group of experts from Athens Airport, aimed at comparing two 
approaches, when handling two different capacity restriction events, using a designated simulation 
platform. The first approach used tactical tools, offering each participant a limited view of the current state 
based on her role, and taking actions based on her own analysis. The second approach used the proposed 
what-if tool, and encouraged collaborative decision-making. The benefits of the what-if tool have been 
demonstrated both operatively and from a human-factors perspective, with participants expressing 
preference for its use. 
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Safety-Specific Transformational Leadership in High-Reliability Organizations 

Umber KAZI 
Université de Pau et des Pays de l'Adour (UPPA), France 
 
Commercial aviation ad hoc teams that operate in a safety-critical context require immediate, flawless 
coordination. However, the specific mechanism by which leadership interventions enhance team 
performance in a safety-critical context is still insufficiently understood. Theoretical claims and debates 
exist about whether safety-specific transformational leadership (SSTL) must be complex and context-
dependent or whether it functions by supplying essential additive resources to achieve performance. To 
address this gap, the current study examines why SSTL sometimes produces inconsistent performance 
outcomes in commercial aviation crews. In a quantitative approach, surveys were administered to 
commercial airline crews. With Smart PLS, we tested a structural equation model, findings revealing that 
SSTL directly boosts swift trust and team efficacy but has no meaningful effect on team performance. 
Hypothesized moderating effects of SSTL on swift trust, team efficacy, and team performance are non-
significant. These results disprove the need for contingent leadership and validate the psychological 
pathway: leadership seems more foundational in strengthening trust and efficacy among teams through 
its direct effects; a leader is a resource builder, and there is no need for complex leadership strategies, 
suggesting realignment of training and crew resource management interventions to strengthen internal 
team relationships directly for safety and performance deliverables. 

 

How work instructions travel: a practice-based study of work-as-done and work-as-imagined in 
motorway operations 

Andrea GONZALES LAZO, Iain RILLIE, Selcuk CIDIK, Simon ADDYMAN 
Bartlett School of Sustainable Construction, United Kingdom 
 
Procedures are central to safety management in motorway operations, yet their meaning changes as they 
move between those who write them and those who use them. This study examines Work Instructions 
(WIs) through a two-part analysis: how they are interpreted in practice at the roadside, and how their 
authors design and imagine they will be used. Drawing on ethnographic observations within England’s 
strategic road operator of traffic officers and interviews with personnel involved in WI development and 
delivery, the study shows that the WIs are treated as a practical guide that must be adapted when 
conditions demand judgement. Frontline staff use them as reference rather than a fixed script and often 
assume they have been produced without appreciation of operational reality. In contrast, procedural 
authors hold strong operational insight but work under organisational pressures of auditability and legal 
traceability. As the WIs move through drafting, approval and operational circulation, these pressures 
change their original safety rationale and make it difficult to recognise in live conditions. The findings show 
that gaps between work-as-done and work-as-imagined arise not from non-compliance, but from 
competing organisational demands within the procedure itself. A practice-based analysis reveals how 
such fractures persist within a mature safety system.  
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Pupillometric Assessment of Cognitive Load and Fatigue During Mobile Task Performance 

Robert P. SPANG, Mariia SHALGINOVA  
TU Berlin, Germany 
 
Sustained cognitive demand in everyday digital interactions necessitates objective, real-time assessment 
methods for mental capacity. This study investigated pupillometry as a non-invasive tool for measuring 
cognitive load and fatigue during mobile device interaction, specifically examining mental arithmetic 
performance over extended task engagement. Thirty university students completed 30 arithmetic tasks 
of varying difficulty on a specially designed mobile interface with uniform luminance across all screens, 
eliminating pupillary light reflex responses. Continuous pupillometry data were analysed using baseline-
controlled metrics (z-scores, Area Under Curve%), enabling individual-level comparisons independent of 
absolute pupil size differences. We implemented a novel continuous accuracy metric quantifying 
response precision proportionally rather than binary correct/wrong classification, capturing partial errors 
and near-miss responses. Results confirmed pupil dilation patterns reliably differentiated subjectively 
difficult from easy tasks (p < 0.001). After sustained engagement of around 20 minutes, participants 
exhibited significant physiological fatigue responses with measurable performance decline. Our 
continuous accuracy measure proved more sensitive than response time, declining from 95.2% to 88.5% 
(p = 0.03). These findings demonstrate pupillometry's viability for real-time cognitive load assessment and 
highlight the value of baseline-controlled, individual-difference-sensitive approaches for adaptive 
interface design. 

 

Quantifying Alcohol Effects on Rider Stability Using a Novel Micromobility Simulator 

Marco DOZZA, Alexander RASCH, Ali MOHAMMADI 
Chalmers University of Technology, Sweden 
 
Intoxicated riders are overrepresented in crash databases, yet current research lacks controlled studies 
that show how alcohol may impair the balancing task and lead to crashes. We present a novel riding 
simulator that fully preserve the balancing task and vehicle kinematics, enabling participants to ride in a 
controlled, repeatable and safe environment. When riding at 6 km/h, intoxication led to a 48.7% increase 
in the standard deviation of lane position and a 9.3% increase in steering entropy, indicating degraded 
lateral control after the assumption of alcohol. Intoxication effects were assessed using multiple 
technologies: eye tracking, motion analysis, and inertial measurement units. Our approach aims to identify 
a robust multi-sensor signature of intoxication, paving the way for active safety interventions—such as 
automated e-scooter shutdown—when impairment is detected. These findings highlight the potential of 
sensor fusion and simulation-based testing to enhance micromobility safety and reduce alcohol-related 
crashes.  
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Stages of Automation in Eco-Driving Feedback: Effects on Energy Efficiency and User Experience 

Jan HEIDINGER, Thomas FRANKE 
Universität zu Lübeck, Germany 
 
Eco-displays can reduce EV energy consumption (Sanguinetti et al., 2020) by automating aspects of 
drivers' information processing. Higher automation may enhance performance but comes with potential 
costs like reduced situation awareness and skill degradation (Onnasch et al., 2014). Based on Parasuraman 
et al.'s (2000) framework, we compared three automation approaches focused on (1) information 
acquisition, (2) information analysis, and (3) decision, relative to a baseline condition representing a 
conventional energy display. In a 4×2 mixed-design driving simulator experiment (N = 127), participants 
used one of these four eco-displays to complete two test phases (T1 & T2), separated by an exploration 
phase (experimenting with driving styles). Dependent variables included energy consumption, usability, 
workload and energy dynamics awareness. Before the exploration phase, there was no significant 
difference between the four groups. After the exploration phase, decision support significantly reduced 
energy consumption compared to information analysis support (8%) and baseline (4%), d = 0.74 and 0.59. 
Usability, workload and energy dynamics awareness did not differ between conditions. The learning effect 
from T1 to T2 was strong across all conditions (ηp² = .45). These results suggest eco-displays benefit from 
decision support, while automation focused on information acquisition and analysis showed no advantage 
over conventional displays.  

 

Cyclists’ acceptance of Advanced Cyclist Assistance Systems (ACAS) 

Mette MØLLER, Nora STUDER, Dorothea SCHAFFER, Steve O'HERN, Trond NORDFJÆRN, Francisco 
ALONSO, Predrag BRLEK, Mille CAVAR, Katarzyna GDOWSKA, Javier GENE-MORALES, Jozef GNAP, 
Giuseppe GUIDO, Milad MEHDIZADEH, Dimitrios NALMPANTIS, Mihai R. NITA, Ksenia SHUBENKOVA, Sergio 
TRAFICANTE, Zermena VAZNE, Katarina VOLGEMUTE, Sergio A. USECHE 
Technical University of Denmark (DTU), Denmark 
 
As cycling grows in popularity as a sustainable transport mode in Europe, enhancing safety has become a 
priority and technology a sound and supportive alternative. However, users’ views on Advanced Cyclist 
Assistance Systems (ACAS) remain underexplored. The aim of this study was to investigate the use 
intention regarding ACAS with the extended version of the Unified Theory of Acceptance and Use of 
Technology (UTAUT2) as theoretical framework.  Using a survey approach data was collected among 
5,991 cyclists from 19 European countries. Participants evaluated the safety, usability and reliability of 10 
ACAS, two from each of five categories: Environmental monitoring; Rider visibility; Real-time information; 
Crash-prevention assistance; and Post-crash assistance. Results showed higher acceptance of ACAS that 
provide direct safety benefits, such as rider visibility and crash prevention, and higher acceptance of 
visibility-enhancing ACAS among younger and female cyclists. Men favoured usability and additional 
features. Finally, frequent cyclists and those with low self-rated skills reported higher acceptance of ACAS, 
possibly because these technologies may function as compensatory tools for enhancing cycling 
confidence. The findings of this multi-country study can inform policymakers in promoting the integration 
of safety-related bicycle technologies, particularly systems aimed at increasing rider visibility and 
preventing crashes. 
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Applying Generative Theory to Human-Computer Partnerships 

Prof. Wendy E. MACKAY 
DR Inria Saclay / PR Université Paris-Saclay / Chef d’Équipe ExSitu, France 
 
How can we design "human-computer partnerships" that take optimal advantage of human skills and 
system capabilities? Artificial Intelligence research usually measures the effectiveness of an algorithm — 
I argue that better AI algorithms are neither necessary nor sufficient for creating better intelligent systems. 
Instead, we need to focus on how to create more effective interaction with these systems. I first describe 
the concept of "generative theories of interaction”, which transform existing theories of human behaviour 
into actionable principles that can be applied to the design of interactive systems. I then illustrate how we 
have applied these principles to produce simpler yet more powerful intelligent systems that users can 
both learn and appropriate to meet their needs. 
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Cognitive demands and complexity of operational tasks for watchkeeping officers on ships with 
new propulsion systems 

Igor KOZIN, J.B. WALDORFF, L.L. FROHOLDT, N.T. HAASTRUP, H.H. MIKKELSEN, C. MØLLER, T. ROHARD, & 
L.K.L MIKKELSEN 
University of Southern Denmark, Denmark 
 
The shipping industry is undergoing a significant transformation toward decarbonization, higher levels of 
automation, and advanced instrumentation. Through the increasing sophistication of automation and 
computer applications, it becomes necessary to understand the evolving distribution of tasks between 
several cognitive systems: technology, procedures, human-machine interfaces, and humans. This 
prompts us to understand whether cognitive demands on the crew members are well-balanced. In 
pursuing this target, the Task Complexity (TACOM) method has been adopted together with action error 
analysis (AEA). The aggregation of these two is demonstrated on the analysis of the unmooring tasks 
performed by navigators on three ferry types: diesel-driven, hybrid, and pure electric. Higher task 
complexity is associated with greater cognitive demands, which becomes evident with the introduction 
of additional technical systems and increased automation in the electrification of ferries. Measuring task 
complexity enables comparisons of the cognitive demands involved in conventional and electrified 
operations and facilitates linking these demands to the likelihood of errors. While task complexity 
informs us about the potential for making errors, AEA may suggest solutions for reducing the complexity, 
or preventing errors, or mitigating their consequences. Together, the methods provide a robust 
methodological tool for contributing to contemporary safety paradigms such as Just Culture and both 
Safety-II and III. 

 

In the Moment: Aligning AI to Human Values in the US and the UK 

Suzy BROADBENT, Jennfier MCVAY, Ewart DE VISSER 
Humans in Systems, Dstl, United Kingdom 
 
The In the Moment (ITM) Program considers high stakes decision making when there is no “correct” 
answer, and how Artificial Intelligence (AI) algorithms can be aligned to individuals’ decision-making 
criteria to improve trust and likelihood of delegation. Work carried out by DARPA in the US identified a 
number of “Key Decision-Making Attributes” (KDMAs) that may affect an individual’s decision making in 
the context of Mass Casualty Triage Scenarios. Following successful trials in the US, DARPA partnered 
with Dstl to extend the trial within the UK. Medically trained participants were assessed on their KDMAs 
during online text scenarios and Virtual Reality scenarios. They were then asked to review decisions made 
by “another medic” in similar scenarios, rate them on trust, and decide whether or not they would delegate 
to that particular medic. These medics were in fact Artificial Intelligence algorithms that were either 
aligned or deliberately misaligned to the participants’ KDMAs. This research demonstrates how AI can be 
tuned to represent human influences beyond competence and support trusted decision making in 
complex scenarios and investigates differences in decision making between US and UK participants. 
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Asking Helps—No Matter Who Asks: Information Inquiry Improves Performance in Collaborative 
Human-Only and Human–AI Decision-Making 

Sophie KERSTAN, Jan SCHMUTZ, Gudela GROTE 
University of Freiburg, Germany 
 
Advances in LLMs enable increasingly collaborative forms of human–AI interaction that resemble 
interdependent decision-making processes in human-only teams, in which each team member holds 
unique information. While such human-only teams often suffer from decision-making biases, it remains 
unclear whether human–AI teams exhibit similar biases. To address this open question, this study 
contrasts decision-making in human-only and human–AI teams, focusing on how inquiry behaviour and 
performance expectations influence information sharing and decision performance. Using a hidden profile 
task, we conducted an experiment comparing three-member human-only teams and human–AI teams. 
We manipulated information inquiry and matched participants based on their performance expectations. 
Results show that information-sharing biases were equally prevalent in both team types. Also, information 
inquiry significantly increased the exchange of unique information and enhanced decision-making 
performance across conditions. Exploratory analyses further indicate that while inquiry was beneficial in 
both team types, inquiry patterns differed. These findings contribute to a deeper understanding of 
collaborative decision-making in human–AI teams and demonstrate how established team decision-
making paradigms can be adapted to study human–AI collaboration. Practically, the results highlight the 
importance of designing AI systems that proactively engage in information inquiry to support team 
processes and performance. 

 

From Human-Robot-Interaction towards Teaming in Manufacturing: A Human Factors Perspective 

André DETTMANN, Sascha KADEN, Sheau-Jwu WU, Rachel RINGE, Tom PFISTER, Romina POGUNTKE, 
Frieder LOCH, Florian RÖHRBEIN, Angelika BULLINGER-HOFFMANN  
Chemnitz University of Technology, Germany 
 
Modern production systems are increasingly adopting human-robot collaboration on the shop floor. 
However, current collaborative manufacturing processes typically rely on decoupled activities with a fixed 
allocation of tasks between humans and robots, where the assignment of manual and automated actions 
is specified during production planning. This paper extends human-robot interaction towards the concept 
of teaming as an evolution beyond cooperation and collaboration. Here, the production system and 
humans jointly solve tasks to manufacture highly individualised products in an adaptive production 
environment that combines the strengths of humans and robots. To explore the challenges for the human 
factors and ergonomics community, we report the results of four interdisciplinary expert workshops with 
N = 30 participants. The objective of the workshops was to exchange knowledge based on the teaming 
requirements of “observability, predictability and controllability” from human-human to human-robot-
teams, based on an assembly task. The participants then discussed design options and limitations for 
human-robot-teams and classified them. The paper summarises the results and concludes with an 
outlook on research opportunities. 
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Enhancing Children’s Interaction with a Level 4 Vehicle Using Auditory System Feedback and 
Solution Prompts 

Sarah HELWEG, Kerstin KUHLMANN, Leon Johann BRETTIN, Tobias SCHRÄDER, Markus MAURER, Vanessa 
SCHMIDT 
TU Braunschweig, Germany 
 
Highly automated vehicles (SAE Level 4+) offer a promising way to make individual motorized mobility 
accessible for children. This requires a child-appropriate, user-centred vehicle design. The highly 
automated prototype autoELF, developed as a family vehicle, was previously tested with children in a 
usability study. Children showed uncertainty and struggled with safety-related tasks. This study examines 
how system-provided auditory support affects performance and perception by comparing three groups: 
a control group, a feedback group (which indicates whether an action is correct), and a feedback-with-
solution-prompts group (which offers additional instructional guidance). Nineteen children aged 9 to 14 
participated in a usability study with eight interaction tasks. Measures included effectiveness, efficiency, 
perceived difficulty, and enjoyment. Interviews with parents and children also assessed their willingness 
to use autoELF. Findings show that children receiving solution prompts completed tasks faster, made 
fewer errors, and found the tasks easier and more enjoyable, especially unfamiliar ones. Feedback alone 
did not prevent incorrect solutions. For familiar tasks, auditory support showed no significant effect. 
Overall, both children and parents expressed a strong interest in using autoELF for unaccompanied rides. 
These results underscore the potential of auditory support to help children safely and independently use 
highly automated vehicles.  

 

Utilizing in-vehicle screens for a colour-based HMI to improve the safety and comfort of the driver 
in the context of ADAS 

Linus KUNZMANN, Florian SCHMIDT, Barbara DEML, Sofie EHRHARDT 
Karlsruhe Institute of Technology, Germany 
 
The rapid development of automated driving brings new challenges like the driver-vehicle-interaction in 
critical takeover scenarios. Some associated risks can be mitigated by an effective Human-Machine-
Interface (HMI) design. HMIs based on ambient lighting showed positive effects on takeover performance. 
This research set out to analyse whether these effects could be achieved using existing displays instead 
for wider applicability in more vehicles. A within-subject driving simulator experiment (N=36) was 
conducted that compared three different multimodal HMI prototypes: one based on text and symbols, a 
colour-based one in the screen and a colour-based one with added ambient lighting, each combined with 
a sound signal. Each prototype was evaluated under varying cognitive demands with respect to takeover 
performance, workload, trust, acceptance, and user experience. Results revealed no statistically 
significant differences in takeover performance across HMI types. However, the ambient-lighting-based 
HMI was preferred by users and rated highest in perceived innovation and hedonic quality. The screen-
based HMI received significantly higher preference and trust ratings than the baseline. These findings 
suggest that while color-coded visual elements do not improve takeover performance in multimodal 
systems, they enhance subjective user experience and trust. In particular, screen-based HMIs represent a 
broadly applicable alternative to ambient lighting systems. 
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Sleeping during automated driving: The potential of an image-based reaction-time game to 
mitigate sleep inertia 

Markus TOMZIG, Myriam METZULAT, Stefanie SCHOCH, Alexandra NEUKUM 
Würzburg Institute for Traffic Sciences, Germany 
 
In future automated vehicles drivers may sleep during the trip. However, after a waking takeover request, 
drivers might be affected by sleep inertia, a transient state of increased sleepiness and impaired 
performance. The present study introduces the newly developed “Tinsta” game as an intervention to 
mitigate sleep inertia. Tinsta is a brief image based reaction time game that targets the cognitive processes 
most affected by sleep inertia. Sixteen participants experienced EEG verified sleep during three 
automated drives in a dynamic driving simulator. In each drive they were awakened and played the Tinsta 
game for three minutes before taking over manual driving. The 2×2 experimental design varied (a) image 
arousal with stimulating vs. relaxing images (within subjects) and (b) task difficulty with a simple vs. 
moderately challenging variant of the game (between subjects). Additionally, all participants experienced 
a baseline condition with no intervention. Measures included subjective sleepiness, takeover quality (TOC 
rating), driving performance (car following and visual detection tasks), and physiological signals (EDA, 
ECG). Results showed a significant increase in subjective arousal, particularly with the more difficult 
variant. However, image properties had no effect, and driving performance and physiological indices were 
not significantly improved. Although the sample was small, the findings suggest improvements such as 
adding music and raising task demands to enhance activation. 

Pedestrian Crossing Decisions in the Presence of Highly Automated Vehicles: The Role of Vehicle 
Cues and Automation Status 

Jakob SIEGMUND, Philipp HEIN; André DETTMANN; Angelika C. BULLINGER; Stefan BRANDENBURG 
Chemnitz University of Technology, Department of Cognitive Psychology and Human Factors, Germany 
 
Understanding pedestrians’ crossing decisions in the presence of highly automated vehicles (HAVs) is 
essential for their safe integration into mixed traffic. This study examined (1) which factors influence 
crossing intentions and (2) whether pedestrians correctly identify a vehicle’s driving mode. N = 25 
participants viewed 360° virtual reality videos in a 2×2 within-subject design: vehicle type (manually driven 
vs. HAV) × crossing type (zebra crossing vs. unmarked crossing). The vehicle travelled at 15km/h, and 
videos froze 10m before the crossing. After each video, participants indicated their crossing intention, 
influencing factors, expectations of vehicle behaviour, and assessment of vehicle mode. Speed and 
distance dominated crossing decisions. Even at a visible zebra crossing, only about half of the participants 
would cross, whereas in unmarked crossings only 17–18% would cross. Although vehicle behaviour was 
constant, many participants reported needing perceivable cues, particularly braking, to feel 
acknowledged and decide when to cross safely. Overall, vehicle mode was correctly identified in only 48% 
of cases, with a notable group of 13 participants reporting inattention to the vehicle mode initially. These 
findings indicate that HAV design and research must prioritize clear, perceivable kinematic cues for 
pedestrians to ensure safe interactions, regardless of the vehicle mode. 
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Judging Robot Failures in Real Interactions Using the Hedonomic Pyramid 

Yisrael PARMET, Tal ORON-GILAD, Shanee HONIG 
Ben-Gurion University, Israel 
 
Understanding how people judge the severity of robot failures should determine which failures require 
the most immediate design attention. Failure severity influences users’ trust, satisfaction, and perceptions 
of the robot’s dependability and competence. In this presentation, we demonstrate a model for predicting 
nonexpert users’ perceptions of robotic failure severity by examining their relationship to underlying user 
needs, as articulated in the Hedonomic Pyramid. This framework, which describes layers of human needs 
in interaction with technology, provides a structured approach to anticipating what users will find most 
severe. To test the predictive value of the Hedonomic Pyramid, we conducted a controlled, in-person 
study with a collaborative laundry-sorting Sawyer robot. During the interaction, participants encountered 
four planned failures, each corresponding to one of the pyramid’s levels. After the interaction, participants 
completed questionnaires rating the perceived severity of each failure. The results revealed clear positive 
correlations between perceived severity and the levels predicted by the Hedonomic Pyramid: failures 
corresponding to higher-level needs are judged as more severe. Our findings demonstrate that user-
needs frameworks can effectively explain and forecast how people evaluate robot failures. They also offer 
methodological guidance for developing more robust approaches to studying and mitigating robot 
failures in human–robot interaction. 

 

How Can Cobots Adapt to Workers’ Psychological States? A Systematic Review of Empirical 
Evidence 

Sofia MORANDINI, Francesco CURRÒ, Oronzo PARLANGELI, Luca PIETRANTONI 
University of Bologna, Italy 
 
Collaborative robots are increasingly deployed in work environments, raising interest in designing systems 
that can collaborate effectively with humans. A key challenge is enhancing cobots’ adaptability, i.e., their 
ability to adjust behaviour in real time to workers’ needs and characteristics. A promising direction is 
adaptation to workers’ psychological states and no synthesis has yet integrated the psychological states 
most frequently addressed, the adaptation mechanisms implemented, and their effects on human–robot 
collaboration (HRC) outcomes. This review synthesizes evidence on cobots that modify their behaviour in 
response to workers’ psychological states and examines implications for HRC outcomes, focusing on task 
performance and workers’ well-being. Following PRISMA-P guidelines, 23 experimental studies were 
included. Most adaptations targeted cognitive states - especially workload, attention, and situational 
awareness - whereas emotional-state adaptation was less frequently investigated. Motion-intention-
based adjustments are gaining traction in movement coordination tasks. Cobots mainly inferred workers’ 
states from physiological and behavioural signals, and implemented strategies such as task reallocation, 
speed modulation, and feedback/assistance timing. Evaluated cobots were generally associated with 
improved collaboration fluency and performance, alongside indicators of better workload management 
and well-being. The review provides an evidence map to inform Human Factors-driven design and 
evaluation of adaptive cobots in real work settings. 
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Effects of Operating Multiple Small Modular Reactors (SMRs) on Operator Performance 

Kingba LAWSON-JACK, Karine UNG, Greg A. JAMIESON 
University of Toronto, Canada 
 
Small modular reactors (SMRs) are an emerging technology for future energy generation. The scalability 
of SMRs introduces a paradigm shift in control room operations, moving from the current many-to-one 
operator–to–reactor structure to a one-to-many model, where a single reactor operator supervises 
multiple reactors simultaneously. However, the implications of this shift for human performance remain 
insufficiently understood, and empirical evidence is limited. Although cost-effective, this reduced staffing 
raises concerns regarding operator capacity, cognitive workload, situational awareness, and human 
performance. Recent work highlights this gap and emphasizes the need to examine operator capabilities 
in multi-unit SMR environments. The objective of this study is to investigate the effects of supervising 
multiple homogeneous SMR units under normal operating conditions. Using the INL Rancor Microworld 
simulator, twenty-eight engineering students participated in a between-subjects experiment, monitoring 
and controlling 1, 2, and 4 SMR units simultaneously. The study assessed operator performance using 
measures of SA, mental workload, and task performance. Preliminary results indicate that operator 
performance declines as the number of supervised units increases. Further analyses are ongoing, and 
completed results will be presented at the conference. The findings will inform staffing strategies, human-
system interfaces, training programs, and regulatory frameworks for future SMR control rooms. 

 

Global vs. Focal Visual Explanations in AI-Supported Visual Inspection: Benefits and Costs of XAI 

Lena KÖLMEL, Tim ZANDER, Jutta HILD, Barbara DEML 
Karlsruher Institut für Technologie KIT, Germany 
 
In AI-supported visual inspection tasks (e.g., automated quality control), human operators must decide 
whether a product is faulty while considering suggestions from an algorithmic image classifier. 
Explainable AI (XAI) can foster understanding of this support by visually highlighting image regions that 
contribute to a (non-)faulty classification. Prior research indicates that XAI entails both benefits and costs: 
benefits such as reduced decision times and error rates when AI predictions and highlights are correct, 
but costs when highlights are misplaced and draw attention to diagnostically irrelevant regions. We 
extend this work by comparing two visual annotation styles: bounding boxes that promote focal attention 
guidance and heat maps that promote global attention guidance. We present a lab study (N = 53) with four 
support conditions (no support, untransparent AI only, focal XAI (bounding boxes), global XAI (heat maps); 
within-subject factor) using a subset of the MVTec LOCO anomaly detection dataset, and analyse decision 
times, classification accuracy, and subjectively rated mental demand. Preliminary results replicate XAI 
costs for misplaced highlights and show slightly lower error rates for global (heat-map) explanations 
compared to focal (bounding-box) annotations, highlighting trade-offs in designing visual XAI for industrial 
inspection settings. 
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Remote train operation: Human-centred design of a workplace 

Annika DRESSLER, Laura QUANTE, Kristin MÜHL 
German Aerospace Centre (DLR), Germany 
 
Efforts to enable more efficient railway operations through automatic train operation (ATO) will be 
accompanied by major changes in the activities of railway employees. One example is the new role of the 
remote train operator (RO), whose task is to monitor driverless train operations and intervene in the event 
of disruptions. As this activity holds the risk of sub-optimal workload and performance, the aim of this work 
was to develop a human-centred job profile for the RO. Based on a literature research on remote operation 
requirements and the description of concrete application scenarios, we used the morphological box 
method to create a target image of the RO profession in a participatory design workshop with n = 10 train 
drivers and rail traffic controllers who jointly developed a preferred profile from 25 design dimensions in 
the categories of task design, technology design and operational conditions. The profile was evaluated in 
an online study with n = 100 train drivers and rail traffic controllers. It comprises, i.a., an alarm-based 
concept, a wide range of tasks and classic control elements for train control. The results underline the 
importance of a scientifically sound and human-centred approach to making new workplaces attractive 
to potential employees. 

 

A Good Role Model - Do Human Drivers Imitate Autonomous Vehicles? 

Helene WALTER, Mark VOLLRATH 
TU Braunschweig, Germany 
 
At some point in the future, automated vehicles (AVs) will share the road with human drivers – in so-called 
‘mixed traffic’. One question regarding mixed traffic considers the influence AVs will have on human 
drivers’ (HDs) behaviour. A possible effect can be different forms of imitation, like in the traditional theory 
of ‘social learning’ by Bandura. Based on findings that human drivers can be influenced into keeping 
shorter distances when driving next to platoons, this study wants to investigate human driver’s potential 
to be influenced by surrounding cars’ distance keeping behaviour in city traffic. The driving simulator 
experiment uses a within-subject-design. The driving surrounding served as the ‘role model’ to influence 
the participants’ behaviour. 60 participants drove in 15 simulated scenarios. The scenarios included 
different combinations of distances between the surrounding cars (small, optimal, large) and the driving 
modes of the surrounding cars (AV or HD). The dependent variable was the distance kept by the 
participants after encountering those role models. The planned analysis will focus on a possible 
connection between the observed driving behaviour and the participant’s performance. According to the 
social learning theory, smaller observed distances should elicit smaller distance keeping, and larger 
distances should elicit larger distance keeping. 
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Shifts in Risk: Human Factors and Safety Considerations in Partially Automated Train Operations 

Kristin MÜHL  
German Centre for Rail Traffic Research (DZSF), Germany 
 
Automation of train operations is increasingly pursued to increase capacity, improve energy efficiency, 
and maintain operations despite shortages of skilled personnel. Automated driving and braking shift train 
drivers’ responsibilities primarily towards route monitoring, passenger observation, and emergency 
intervention. Human Factors research indicates that reduced task demands can lead to monotony, 
distraction, reduced motivation, and declining operational competence, potentially affecting safety 
behaviour. Several initiatives in Germany are presently focused on the planning and deployment of 
partially automated regional rail transport. These systems involve frequent scheduled stops, which may 
support sustained operator engagement, while being deployed in challenging environmental conditions 
within non-segregated rail networks. It remains unclear to what extent human factors risks impact safety 
in environments with highly secure signalling and control systems. Highlighting the tension between 
Human Factors research and its application in practice, this study presents a systematic approach to 
examining safety risks associated with substantial task reduction. It draws on a critical review of railway 
systems and incident data with comparable levels of automation, relevant studies from the rail sector and 
other industries, qualitative interview insights, and risk analyses. The findings reveal data gaps and discuss 
potential human factors measures to sustain safety in partially automated railway operations. 

 

The Perils and the Pitfalls of Innovation: Lessons from Attempts to Embed New-Fangled 
Technology in Safety-Critical Operations 

Richard Bye  
Network Rail, United Kingdom 
 
This poster will present a case study of an initiative to introduce a computer vision AI system to support 
safety-critical decision making for railway signallers who operate level crossing barriers. It will describe 
how a traditional human-centred design approach was used to blend cognitive systems engineering 
methods with System-Theoretic Process Analysis (STPA) to help transform a technical proof of concept 
into technology that would be reliable enough to use on the live railway. The work identified a number of 
structural design flaws during the prototype phase of the AI system’s development and resulted in the 
delivery of fundamental changes to the product’s system architecture, allocation of functions, and 
interaction design paradigm. Transferable lessons for human factors research, insight, design, and 
evaluation processes will be provided. 
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Family Perspectives on Autonomous Vehicles for (Un)accompanied Child Transportation: A 
Systematic Literature Review 

Vanessa SCHMIDT, Greta SEITZ 
Technische Universität Braunschweig, Germany 
 
A growing body of research explores families' perspectives (parents and children) on automated mobility. 
Specifically, the potential of highly and fully automated vehicles (SAE Levels 4 and 5) to enhance mobility 
for families with children has been studied in recent years. In a systematic literature review, we 
synthesized key findings from existing empirical studies and identified areas for future research. Following 
PRISMA guidelines, we screened empirical publications from the past years (2017–2025) using three 
databases. Through a three-stage screening process, we identified N = 41 relevant publications. Most 
publications addressed parental views on (unaccompanied) child transportation using AVs, primarily via 
quantitative online surveys to gather insights. We identified five main research topics in the included 
studies: (1) attitudes and willingness to use AVs, (2) factors influencing this willingness, (3) benefits and 
concerns, (4) design considerations for AVs, and (5) use cases for child transportation. Parental 
perspectives on using AVs to transport children are mixed, with concerns often outweighing expected 
benefits, and trust issues frequently emerging. Key design features parents want in AVs include child 
surveillance and adequate entertainment options. Future research should aim to include children’s 
perspectives, address regulations on unaccompanied transportation, and test AVs in real-world scenarios. 

 

Human-Likeness and Empathy in AI Avatars: Enhancing Passenger Experience in Autonomous 
Public Vehicles 

Franziska SCHMALFUSS, Dominik REIMER, Carsten SIMON, Josef F. KREMS 
Autonomous Driving & ITS, IAV GmbH, Germany 
 
Autonomous shuttles are expected to play a central role in future public transport, yet many passengers 
report reduced subjective safety and uncertainty in driverless environments, especially during 
unexpected stops, technical issues, or challenging social situations. Against this backdrop, AI-driven 
avatars offer a promising interface to provide guidance, reassurance, and a structured bridge to remote 
human oversight, but design choices for such agents remain highly context-dependent and 
underexplored in shared autonomous mobility. This study examines the design of an AI avatar and its 
effects on perceived safety, trust, and usability. It is assumed that avatar design principles from other 
domains (e.g., health, service) are transferable to public transport and that higher human-likeness as well 
as clear, polite, empathic communication improve perceived safety, trust and comfort. Building on OptiPEx 
user research, we develop multiple avatar variants along two design dimensions: (a) visual embodiment 
(abstract vs. human-likeness) and (b) linguistic style (levels of politeness and empathy). The evaluation 
uses an online within-subjects experiment with video-based shuttle scenarios (e.g., normal operation, 
unexpected stop, disturbance). After each video each of the 100 participants rated perceived safety, 
trustworthiness, and usability. Results will be presented and implications drawn for a future avatar in an 
autonomous shuttle. 
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Effects of Crossing Distance and Waiting Time on Jaywalking Rates at Bus-Lane Crossings 

Assaf BOTZER, Yossi AMGAR 
Ariel University, Israel 
 
Adding designated lanes for buses also means making the roads wider, thereby increasing the time that 
pedestrians are exposed to traffic while crossing. This exposure can be reduced by refuge islands that 
split the crossing into shorter segments. However, shorter crossings may also encourage jaywalking. We 
compared jaywalking rates across three crossing types: longer bus-lane crossings (with only one refuge 
island), shorter bus-lane crossings (with two refuge islands) and shorter crossings of regular traffic lanes. 
We also examined the effects of waiting time on jaywalking. We found that longer waiting times increased 
jaywalking rates, and that shorter bus-lane crossings produced higher jaywalking rates than both longer 
bus-lane crossings and shorter crossings of regular traffic. These findings can inform road design and 
signal scheduling, and they highlight a safety trade-off: shorter bus-lane crossings reduce pedestrian 
exposure to traffic but increase jaywalking, whereas longer bus-lane crossings reduce jaywalking but 
increase exposure to traffic. Future studies should examine which design ultimately improves pedestrian 
safety.  

 

Pedestrian Stress Perception Near E-scooter Traffic: A Cross-Cultural Comparison between Tel 
Aviv and Copenhagen 

Michelle SPECKTOR, F.W. SIEBERT, Y. SHIFTAN 
Technion, Israel 
 
This study provides new empirical evidence on pedestrian stress perception near e-scooter traffic, an 
overlooked human-factors dimension of micromobility. While e-scooters increase accessibility, their rapid 
growth raises challenges for pedestrian wellbeing, and spatial negotiation in shared environments. Using 
a cross-cultural, mixed-methods design, we surveyed 623 participants in Tel Aviv (n = 304) and 
Copenhagen (n = 319) to evaluate perceived stress across 18 controlled conditions varying in sidewalk 
width, infrastructure design (marked, separated, shared), and e-scooter directionality. Measures included 
sociodemographics, walking experience, Big Five personality traits, and familiarity with e-scooters. Mixed 
Ordinal Logit models (self-reported stress) and Mixed Multinomial Logit models (choice-based conjoint) 
show higher stress among Tel Aviv pedestrians, particularly on narrow or shared paths with opposing 
traffic, while both samples strongly prefer wide, separated infrastructure. Copenhagen’s lower stress 
levels likely reflect its mature cycling culture and stricter regulation, whereas Tel Aviv’s rapid adoption 
and limited infrastructure intensify stress. Personality factors, especially neuroticism (p < 0.01), further 
increased stress sensitivity. Findings demonstrate that infrastructure quality, regulation, and social norms 
play critical roles in shaping pedestrian wellbeing. By integrating psychological and behavioural 
perspectives, the study positions pedestrian stress as an important indicator for designing safer, inclusive, 
and low-stress urban environments.  
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The Role of Immersion in Traffic Scenario Evaluation: A Qualitative Analysis of Pedestrians’ Time-
to-Arrival Perception of Oncoming Vehicles using 360° Videos in a Head-Mounted Display vs. 2D 
Video Environments 

Adelina BERKEMEIER, Holger HOFFMANN, Angelika C. BULLINGER 
Chemnitz University of Technology, Germany 
 
Pedestrians are among the most vulnerable road users and often misjudge the speed of approaching 
vehicles, leading to risky decisions. To evaluate traffic scenarios safely, methods including 2D videos 
displayed on a monitor and more immersive 3D videos in head-mounted displays (HMD) are currently 
reported in experiments. In our study, we compared participants’ perception of immersive stereoscopic 
360° videos to conventional 2D videos when assessing the time-to-arrival (TTA) of approaching vehicles. 
In a within-subject design, 41 participants completed 72 scenarios varying in vehicle type, speed, initial 
distance, TTA, and presentation modality. Participants answered the Igroup Presence Questionnaire (IPQ) 
after completing the HMD condition and took part in a semi-structured interview. While IPQ results 
indicated moderate spatial and general presence as well as low involvement they also showed high 
experienced realism, consistent with interview results. 78 % of participants perceived the HMD condition 
as more realistic and immersive, with better perception of distances and vehicle speeds. About 27 % 
described the 2D condition as more familiar and visually sharper but less involving. Overall, the HMD 
condition enhanced subjective realism and confidence in TTA estimation, while limitations such as 
resolution, missing auditory cues, and minor physical strain suggest room for improvement. 

 

The Human Element in Connected Mobility: Acceptance and Implementation of Active Participation 

Tanja STOLL, Bettina ZAHND, Markus HACKENFORT 
School of Applied Psychology, ZHAW, Zurich, Switzerland 
 
Background. While self-driving cars are on the rise and the digitalization of the traffic infrastructure is 
levelled up, the question arises whether and, if so, how the non-motorized traffic should be integrated in 
a digitalized system. Although self-driving cars already have to consider the presence of cyclists and 
pedestrians, what are further advantages for safety and comfort of their active integration? And how 
would any implementation have to be approached politically and technically? Method. Based on specific 
traffic scenarios, we analysed the framework conditions and possible consequences for the infrastructure. 
We also investigated possible outcomes on user acceptance among pedestrians and cyclists. As there 
are no existing examples of this to date, we conducted workshops and standardized interviews with 
experts and stakeholders who are representative of technology developers and user groups. Results. In 
general, a non-device based passive integration was preferred. While experts agreed that a voluntary 
active integration could enhance safety and traffic flow, it faced major resistance due to privacy concerns, 
fear of surveillance, low technical affinity and practical issues. We concluded that an active participation 
can only serve as an optional supplement. 
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Design and Evaluation of a Teleoperation Control Centre Simulator for Fleet Operation of 
Automated Vehicles 

Niklas GRABBE, Christian LORENZ, Nikola SRDIC, Muhammad Soban TANVEER, Maximilian HÜBNER 
Technical University of Munich, Germany 
 
Future automated vehicle (AV) fleets will rely on teleoperation control centres (TCCs) for remote 
supervision and intervention. While existing teleoperation simulators focus on single-operator 
performance, research on team organization and systemic challenges in multi-operator settings remains 
limited. This paper presents a TCC simulator designed to investigate team dynamics, work organization, 
and human–machine interaction across coordinated roles, including dispatcher, remote assistance, and 
remote driving functions. The simulator is connected to an interactive simulation environment 
encompassing diverse traffic participants and scenarios. To validate the platform’s technical robustness 
and methodological suitability, we conducted a proof-of-concept study involving coordinated tasks 
across three interconnected workstations. The study examined operator usability and workload, and 
organizational factors such as communication efficiency, role clarity, and multi-event coordination. Mixed 
quantitative and qualitative analyses confirm the feasibility of the simulator for controlled experimentation 
and highlight initial improvement areas for future iterations. The setup enables systematic variation of key 
variables such as supervision ratios, role constellations, request frequency, and prioritization strategies to 
assess their effects on workload, task performance, AV delay, acceptance, traffic flow, safety, and service 
efficiency. This platform provides a controlled environment for evaluating sociotechnical interactions and 
deriving design and operational recommendations for future AV teleoperation centres. 

 

Beyond Formal Regulations: Understanding Expert Drivers’ Informal Practices to Improve Coaching 
Systems 

Aéla DIARD, Christine CHAUVIN, Patricia DUMONT, Jean-Baptiste HAUÉ 
Renault Group & Université Bretagne Sud, France 
 
A potential way to reduce road accidents is to develop a coaching system designed to help drivers 
recognize and correct their deviations from traffic rules. However, managing driving risk is not just a matter 
of complying with formal rules (Cestac et al., 2018). In an initial study based on ten interviews with expert 
drivers, we identified thirty-eight informal rules established by experienced drivers when driving on their 
regular trips. These informal rules are of two types (some aim at relaxing the rule and others at tightening 
it). They are guided either by the driver’s goals and motivations, or by an analysis of the situation, based 
on stable characteristics (infrastructure), variables characteristics (traffic, weather), or social determinants 
(presence of passengers, possibility of sanction). This paper presents an analysis of these informal rules in 
terms of content, categories, and frequency. Identifying and analysing these rules will allow us to better 
understand how expert drivers perceive the information provided by the coaching system. This knowledge 
will then help us to adjust the feedback to make it more relevant, increase its consideration and, ultimately, 
improve its influence on driving. 
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Pedestrian Visual Attention and Crossing Decisions in Multi-Agent Interactions with Vehicles and 
Cyclists at a Zebra Crossing 

Max THEISEN, Donaji MARTINEZ GARCIA, Melina BERGEN 
German Aerospace Center (DLR), Germany 
 
Understanding how pedestrians allocate visual attention and decide to cross in multi-agent traffic 
environments is essential for modelling their behaviour and improving interaction strategies of automated 
vehicles. Thirty-six participants walked on an Omnideck treadmill wearing a VR headset and interacted at 
a zebra crossing with an approaching car and, in separate conditions, a cyclist, enabling analysis of 
pedestrian responses to combined vehicle-bicycle approach behaviours. A 4×3 within-subjects design 
manipulated car behaviour (baseline, early yielding, late yielding, non-yielding) and bicycle behaviour 
(baseline, yielding, non-yielding). Crossing-order analyses revealed systematic effects of agent type and 
behaviour: yielding agents led to near-100% crossings before the agent, whereas non-yielding agents 
strongly reduced assertiveness. Participants crossed before the cyclist in 47% of trials but before the 
vehicle in only 21%. Notably, up to 11% of bicycle approaches were overlooked. Eye-tracking data 
confirmed that, in these trials, the bicycle was not fixated despite being fully visible, indicating a failure of 
visual attention rather than occlusion. Behavioural and gaze data tentatively indicate asymmetric hazard 
weighting, with greater attentional allocation to the car at the expense of detecting the cyclist. Ongoing 
analyses will explore the predictive value of eye movements, head movements, and walking speed for 
modelling pedestrian crossing intentions, supporting the development of more robust interaction 
strategies in automated driving systems. 

 

Supporting the transition to battery electric vehicles: Usability and acceptance of an eco-driving 
tutor function 

Anne VOIGT, Christina KURPIERS, Stefan BRANDENBURG 
BMW - TU Chemnitz, Germany 
 
Previous research has shown that there is an adaptation process when switching from internal combustion 
engine vehicles (ICEVs) to battery electric vehicles (BEVs). Support is needed for new BEV drivers to 
understand the new technology and learn how to get the maximum range by driving efficiently. We 
developed an in-vehicle tutor function applying the human-centred design process to help new BEV 
drivers acquire knowledge and experience in electric eco-driving. This tutor function integrates 
knowledge transfer, practical exercises and personalized feedback. To evaluate the usability and user 
acceptance, we compared the tutor function with an established eco-driving feedback system using the 
UEQ-S and Van der Laan Acceptance Scale. In a driving simulator experiment, 34 participants experienced 
the new tutor function while another 34 participants drove with an established eco-driving feedback 
system. The tutor function achieved significantly higher ratings in hedonic and pragmatic quality (UEQ-S) 
as well as on the usefulness and satisfying scales (Van der Laan Acceptance Scale). These results suggest 
that the human-centred-designed tutor function shows promising usability and acceptance, providing a 
good foundation for supporting the transition to electric vehicles. 
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What drives parental acceptance of autonomous shuttle? Insights from a multigroup structural 
equation model 

Kristina GOOS, Esther BOSCH, Swetlana RASCH, Mandy DOTZAUER 
German Aerospace Center (DLR), Germany 
 
The number of parents taking their children to school and other activities by car has increased greatly in 
recent years resulting in reduced independent travel among children. Girls are accompanied by their 
parents to an older age compared to boys. Despite an increasing number of initiatives and technological 
measures (e.g. mobility apps) aimed at fostering children’s independent mobility, their actual impact 
remains largely unclear due to insufficient empirical evaluation. To adequately assess the effectiveness 
of such measures, it is essential to systematically include parents´ perspective as key decision-makers 
and to develop an instrument that reliably captures their acceptance of solutions promoting their 
children’s independent mobility. Using the case of autonomous shuttle buses (SAE Level 5), an online-
vignette-study was conducted (N = 305) to examine the factors influencing parents´ acceptance of such 
services for their children. Grounded in the technology acceptance model, a model is proposed explaining 
parental acceptance of autonomous shuttle buses for independent mobility of their children. The results 
of a multigroup structural equation model indicate that the gender of the child appears to play less of a 
moderating role. The influencing factors vary depending on trip purpose (i.e., school or leisure trips). 
Therefore, the trip purpose should be taken into account in future models.  

 

Safety-Optimised Traffic Sign Design for Bicycle Traffic in Both Directions - An Eye-Tracking Study 
on the Visual Detection of Traffic Signs on Cycle Paths and One-Way Streets that are Open to 
Bicycle Traffic in Both Directions 

Ebru BÖLÜK, Stefanie MARKER 
Hochschule für Technik und Wirtschaft Berlin, Germany 
 
In Germany, traffic signs allowing cyclists to ride in the opposite direction are increasingly being used, both 
on one-way streets and on cycle paths. Similar traffic signs are being used in other countries. The aim of 
allowing cyclists to ride in the opposite direction is to create direct, attractive and safe cycle connections. 
However, an online survey conducted with 204 participants showed that many car drivers in Germany are 
not sufficiently aware of the traffic sign, and thus, safety is reduced. There is an increased potential for 
conflicts, especially when vehicle drivers cross two-way cycle paths or one-way streets without 
recognising the cyclist’s right of way. The aim is to analyse the perception of existing signs in order to 
increase road safety for vulnerable road users through optimised alternative traffic signs concepts. For a 
systematic investigation, a survey is conducted to determine the level of understanding and deficits of the 
current signs. Based on these results, alternative traffic sign concepts are developed. Both, the existing 
traffic signs and the improved traffic sign concepts will be tested in a test person study in a driving 
simulator. Eye-tracking glasses will be used to analyse which traffic signs are detected earlier and better. 
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Examining Driver Aggression Across Human and Automated Driving Contexts 

Kumsal Ipek OKER, Burcu Arslan ARISOY, Türker ÖZKAN 
Middle East Technical University, Turkey 
 
Driver aggression is a critical human factors problem in road safety, yet it is rarely examined in the context 
of emerging automated vehicle (AV) systems and human–automation interaction. This study investigated 
how aggressive driving judgments vary across relational contexts, with a specific focus on human–AV 
interactions. An adapted version of the Driver Aggression Indicators Scale was used to assess thirteen 
aggressive driving behaviours across five contexts: aggression enacted by the self toward other drivers, 
exposure to aggression from other drivers, aggression attributed to AVs, anticipated exposure to 
aggression in mixed traffic involving AVs and human-driven vehicles, and aggression enacted by the self 
toward AVs. Data were collected from 251 Turkish drivers via an online survey. A repeated-measures 
ANOVA revealed a significant main effect of context on aggression judgments, F(2.77, 691.56) = 116.29, p < 
.001, η²p = .32. Post-hoc comparisons demonstrated a clear hierarchical pattern, with perceived aggression 
highest in mixed human–AV traffic, followed by exposure to aggression from other human drivers and 
self-directed aggression, while the lowest and statistically equivalent levels were observed for aggression 
attributed to AVs and aggression directed toward AVs. These findings indicate that driver aggression is 
strongly context-dependent and suggest that AV integration may intensify perceived aggression in shared 
traffic environments. From a policy and road safety perspective, the results underscore the importance of 
human-centred AV deployment strategies that integrate human factors principles into vehicle design and 
infrastructure. 

 

Emerging from occlusion: How pedestrians step into the path of oncoming vehicles 

Claudia LESCHIK, Dominik WITTENBERG, Max THEISEN, Kay GIMM 
German Aerospace Center (DLR), Germany 
 
Increasing pedestrian traffic in urban areas creates numerous informal interactions between pedestrians 
and motorised vehicles. As formal crossings are not always near public transport stops or within pedestrian 
zones, pedestrians often cross at unsignalized sites with safety risks. Destatis (2025) states that 1,500 
pedestrian accidents in Germany each year are due to sudden appearances behind obstacles, accounting 
for 13 % of all such incidents. This study examines when such crossings occur and how drivers respond, 
using Surrogate Measures of Safety (SMoS) and kinematic parameters to assess criticality. The empirical 
basis is a two‑week video observation in Braunschweig, Germany, covering a bus stop and a nearby 
pedestrian zone with bend. Trajectory data are analysed for crossing timing and deceleration, with sample 
observations of gestures such as hand signals in corresponding videos. An OpenStreetMap‑based network 
analysis for Braunschweig calculates distances between bus stops and formal crossings to identify 
potential unsafe areas. Results show frequent crossings at the observed locations without nearby aids. 
Crossings directly in front of buses or with other visibility obstructions prove particularly difficult, as 
pedestrians become hard for drivers to see. These insights are crucial for mobility planners and 
autonomous vehicles in understanding how pedestrians cross without visible aids. 

Destatis - Statistisches Bundesamt (16 July 2025): Falsches Verhalten von Fußgängern bei Unfällen mit Personenschaden, Retrieved December 
14, 2025, from https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/Tabellen/ursachen-von-unfaellen-
personenschaden.html  
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Social Mechanisms of Safety in Railway Operations 

Luise ROSS, Kristin MÜHL, Anja BURG, Tim NIEWALDA, Nicola FRICKE, & Johannes KRAUS 
German Centre for Rail Traffic Research, Germany 
 
Understanding how safety incidents in railway operations occur, requires looking beyond individual 
behaviour and considering the social environment in which railway staff operate, as part of the broader 
safety culture. Insights on how social mechanisms affect safety behaviour within railway operations, 
particularly among train drivers, are scarce. To address this gap, the study investigates the impact of social 
norms and social identification on train drivers’ safety behaviour intentions, focusing specifically on 
different organizational levels namely team and senior management. Based on research from other 
industries a stronger positive effect of team safety norms was expected compared to senior management 
norms. An online survey was administered to train drivers (N = 108). Safety behaviour intentions were 
assessed using vignettes representing various safety relevant situations from train drivers’ daily work. The 
results of a SEM analysis show that team safety norms were positively related to safety behaviour 
intentions, whereas management safety norms were not. Additionally, the results suggest that 
identification with a group shapes how safety norms are perceived and in turn integrated into individual 
behaviour. The findings highlight the central role of colleagues for influencing train drivers’ safety 
behaviour, even though daily interactions are limited. Future interventions to enhance safety behaviour 
may benefit from focusing on teams and fostering social identification. 

 

Visual Search in Cluttered Environments: Impact of Spatial Cueing Methods on Visual Search Under 
Perceptual Constraints 

Marthe GRUNER, Catherine BOURSIER, Toni SCHUMACHER, Angelina GRAUERHOLZ, Jan Erik HANNIG, 
Christoph SCHNICKE, André Calero VALDEZ 
Universität zu Lübeck, Institut für multimediale und interaktive Systeme, Germany 
 
Visual clutter, which can be caused by high visual density or similarity between the target and the 
background, poses critical challenges for visual search in safety-critical domains. While automated 
support can compensate for display limitations, how the effectiveness of different spatial cueing 
approaches varies with environmental complexity remains unclear. To address this gap, we conducted a 
controlled experiment with a 2x2x2 mixed-factor design, comparing two spatial cueing approaches across 
two levels of complexity. Participants were assigned to one of four between-subjects conditions, which 
combined spatial cueing method (bounding boxes vs. contextual blur) and display type (colour vs. 
monochrome), while complexity (simple vs. complex scenes) varied within subjects. Participants 
completed six blocks of a visual search task in aerial maritime imagery. Preliminary results from ongoing 
data collection showed significant differences between simple and complex scenes across all 
performance measures, suggesting successful complexity manipulation. Initial patterns suggest a three-
way interaction, with each method showing advantages under specific combinations of display and 
complexity. These differential effects indicate that the optimal spatial highlighting approach depends on 
the combination of display type and scene complexity, with implications for interface design in visually 
demanding operational environments. 
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Mitigating discomfort in human-robot bottlenecks: Effects of distance, velocity, sound and eHMI in 
VR and the field 

Marlene WESSELS, Katharina STILLER, Maike LINDERMAYR, Johannes KRAUS 
Johannes Gutenberg University Mainz, Germany 
 
As mobile service robots increasingly operate in public and semi-public spaces, new challenges arise in 
ensuring safe, efficient, and socially acceptable interactions with pedestrians. A key question is how robots 
can navigate spatially constrained environments, such as narrow corridors or bottlenecks, without eliciting 
discomfort or negative emotional reactions. This research examines how robot behaviour and 
environmental context influence pedestrian discomfort during robot pass-bys and how these effects 
translate from controlled virtual environments to real-world settings. Study 1 (N = 35) employed a fully 
crossed within-subjects design in virtual reality (VR), with the experimental factors robot passing distance 
(0.5/1.0/1.5 m), velocity (0.3/0.8 m/s), sound (soft/loud), eHMI (floor projection on/off), and wall distance 
behind participants (0.2/1.2 m). Participants experienced each condition four times and rated their 
discomfort (1-10) for each robot pass-by. Study 2 (N = 23) followed a similar experimental design and task 
but was conducted in a public underpass with an autonomous cleaning robot in a field setting. Across both 
settings (VR and field), greater passing distance yielded the largest discomfort reduction, followed by a 
lower robot velocity. In VR, softer sound and greater wall distance further reduced discomfort. The eHMI 
tended to increase discomfort at close passes (VR and field), especially with longer exposure (lower 
velocity). Notably, field data exhibited floor effects, likely due to social desirability and experimenter 
proximity. In summary, we view VR and field studies as complementary methods to derive empirically 
sound and realistic design guidelines for human-centred robot navigation in public spaces. 

 

From Narrative Feedback to Quantitative Ratings: An Exploratory LLM Pipeline for ADAS UX 
Evaluation 

Siyi DAI, Haoxiang YANG, Jakob HUEMER, Klaus BENGLER 
TUM School of Engineering and Design, Germany 
 
User experience (UX) of Level-2 advanced driver assistance systems (ADAS) is often evaluated through 
interviews, but converting open-end feedback into comparable metrics typically requires labour-intensive 
manual coding and scoring. Questionnaires scale more easily, yet they constrain what users can express. 
We present an exploratory UX quantification pipeline that leverages a large language model (LLM) to 
transform free-text driver feedback into structured, numerical indicators. Using a non-expert dataset 
(2,240 short comments) and an expert interview dataset (168 annotated comments), the pipeline (1) 
identifies relevant ADAS functions, (2) classifies experience-relevant aspects, and (3) assigns a UX rating 
on a 5 to +5 scale for each aspect. We benchmark prompt-based LLM techniques (few-shot and structured 
prompting) against fine-tuned transformer classifiers (BERT/RoBERTa) and include a lexicon-based 
sentiment tool (VADER) as a polarity sanity check. Results indicate that prompt-based methods perform 
competitively with limited labelled data, whereas fine-tuned models benefit from larger datasets and may 
overfit in low-resource settings. Cross-dataset tests suggest systematic differences in how experts and 
non-experts describe ADAS experiences, motivating domain-aware calibration. The study illustrates a 
scalable possibility from narrative feedback to quantitative UX ratings for iterative ADAS UX evaluation 
and outlines next steps for reliability and validity testing. 
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SAE level 3 Autonomous driving in urban setting using cognitive architecture 

Benedikt AUSTEL, Lars WEBER, Jan-Patrick OSTERLOH 
German Aerospace Center (DLR), Germany 
 
The increasing prevalence of automation in the automotive domain necessitates a deeper understanding 
of novel human-machine interactions. SAE level 3 automation fully drives the vehicle and features the 
human driver as the fall back. This introduces new challenges such as understanding the automation’s 
capabilities. It is important to incorporate human factors in early design phases. Virtual testers can be 
deployed to interact with early iterations of the model in simulations using a variety of driving styles. This 
study investigated human performance of 22 participants and a virtual driver model based on the cognitive 
architecture CASCaS when activating automation takeovers within a driving simulator. The scenario 
features construction sites blocking the lane, thus requiring a takeover using the lane designated for 
oncoming traffic. The automation can plan and follow the trajectory, but relies on the driver to find a gap 
in the oncoming traffic and initiate the automated takeover. Results revealed an increase in error rate with 
increasing construction site length by human participants, coupled with limited improvement in gap 
choice and timing over the course of the experiment. Notably, human participants’ performance otherwise 
mirrored that of the virtual driver and the different driving styles could easily be reproduced through 
changed parameters. 

 

Systematic Literature Review on Mode Awareness Definitions and Measures in Automated Driving 
- Work in Progress 

Lena PLUM, Elisabeth SHI 
Federal Highway and Transport Research Institute (BASt), Germany 
 
Mode awareness becomes increasingly relevant as vehicles with multiple driving modes — manual, 
assisted, and automated — enter the market. Varying driver responsibilities across these modes may 
increase risks of confusion and hazardous situations. While research has addressed mode awareness to 
understand human capabilities and develop solutions, the concept lacks a uniform definition suitable for 
the automated driving context. Existing definitions, adapted from other contexts such as aviation, 
emphasize diverse aspects of mode awareness, leading to varied measurement approaches and limited 
comparability of findings. To address this gap, we systematically reviewed scientific literature on mode 
awareness. The final sample of publications was selected by applying the PRISMA method. Using 
MAXQDA, a qualitative content analysis was conducted, identifying the most relevant components of 
mode awareness. Based on these insights, we propose a refined definition aimed at the context of 
automated driving to support conceptual clarity. Furthermore, we examined operationalization methods 
used to measure mode awareness and mapped them to the defined components, providing a foundation 
for more targeted method selection. Findings deepen understanding of mode awareness and offer 
practical implications for improving test quality. 
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Bridging XAI Theory and Practice in Drone Collision Avoidance 

Adrien METGE 
Collins Aerospace, Ireland 
 
Technical Explainable AI (XAI) methods often fail to align with how human operators process explanations 
in practice, especially in time-sensitive scenarios like drone collision avoidance. We apply Miller's (2019) 
social science framework, which identifies that explanations should be contrastive, selective, causal, and 
social, to tactical deconfliction in drone operations. Our phase-based approach maps explanation 
strategies to four operational states: (1) no deconfliction needed, (2) conflict detected and response 
initiated, (3) deconfliction ongoing, and (4) resolution complete. Each phase has different operator 
information needs, time constraints, and situational awareness demands. We break down the tasks in each 
stage to identify which explanation type best addresses these requirements. Applying this to drone 
monitoring scenarios shows how Miller's principles can inform practical XAI design for autonomous 
systems. The phase-based methodology bridges the gap between theoretical XAI frameworks and actual 
human-autonomy teaming in time-critical operations. This work contributes a systematic approach to 
matching explanation strategies to operational context, rather than providing generic explanations 
regardless of situation. 
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Self-reported adult dyslexia traits as positive predictors of cognitive failures in the workplace: An 
online pre-registered survey of Prolific users 

James SMITH-SPARK, Madalyn HUANG 
London South Bank University, UK 
 
Very little direct empirical evidence exists to indicate how dyslexia-related cognitive difficulties express 
themselves in employment settings. The current pre-registered online survey focused on the self-
reported frequency of cognitive failures at work. Four hundred native English speakers (female = 232, male 
= 167, non-binary = 1, mean age = 40 years [SD = 12]) were recruited via the Prolific platform. The 
respondents all identified as being full- or part-time UK employees working entirely in a central place of 
work. The respondents were presented with previously published self-report questionnaires relating to 
neurodivergence, mental wellbeing, personality characteristics, and workplace experiences. After 
controlling statistically for age, busyness and routine at work, Big Five personality traits, mental wellbeing, 
and self-reported ADHD symptoms, hierarchical regression models indicated that there was a positive 
significant predictive relationship between self-reported dyslexia traits and the overall self-reported 
frequency of workplace cognitive failures. Self-reported dyslexia traits were also significant positive but 
weak predictors of scores on each of the Memory, Attention, and Action factors. These significant 
predictive relationships suggest that a similar approach with officially diagnosed individuals would prove 
fruitful in understanding how dyslexia specifically affects work cognitive performance and how to improve 
targeted accommodations and support for dyslexic employees. 

 

Reframing Human Factors Through the SSHELL Model of Self-Conscious Regulation 

Mannat GILL, Astha GILL 
SGT University, Haryana, India 
 
The classical SHELL model has long shaped Human Factors analysis, yet its architecture focuses primarily 
on external interfaces among software, hardware, environments and people. Contemporary research in 
cognitive psychology and neuroscience demonstrates that many performance failures originate not from 
external mismatches alone, but from intrapersonal dysregulation such as attentional narrowing, emotional 
reactivity, cognitive overload and diminished meta-awareness. This paper introduces SSHELL, a 
conceptual extension that positions Self-consciousness as a central regulatory element influencing all 
Liveware interactions. SSHELL reconceptualises the human operator as an adaptive, self-regulating 
system whose internal state mediates perception, decision-making, communication and safety-critical 
behaviour. By embedding mechanisms of cognitive monitoring, emotional regulation and reflective 
awareness into the core of the model, SSHELL offers a biopsychosocial reinterpretation of Human Factors 
that complements existing system-design approaches. The framework holds cross-sector relevance for 
domains where human variability carries significant consequences. In aviation, it enhances Crew Resource 
Management through improved self-monitoring; in healthcare, it supports resilience under cognitive load; 
in defence, it informs judgement under pressure; and in education, it strengthens psychological safety and 
reflective learning. SSHELL therefore provides a theoretical foundation for future empirical work and a 
systematic pathway for integrating conscious self-regulation into Human Factors practice. 
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Smart Workwear for Work Technique Training and Ergonomics Improvements 

Jörgen EKLUND 
KTH Royal Institute of Technology, Sweden 
 
New technology using inertial measurement units (IMUs) attached to work clothing has been developed 
to support risk assessments for the prevention of musculoskeletal disorders. A further development 
involves haptic feedback, where adverse working postures are detected and communicated to the user 
through vibrations on the involved body part. The aim of this study was to assess the usefulness of a work 
technique training methodology based on this technology. The training was conducted on two passenger 
ships and involved 18 participants. Training sessions lasted 25–50 minutes and were carried out during the 
participants’ regular work tasks, including manual handling of goods, cleaning, service work, and tasks in 
kitchens and restaurants. Participants were encouraged to explore alternative ways of working that 
improved posture and reduced time spent in adverse positions, indicated by reduced vibration feedback. 
Participant experiences were evaluated through interviews. Nearly all participants responded positively 
to the training and reported learning how to improve their work techniques. Examples included working 
closer to the body, using the legs when lifting, kneeling on one knee, using one hand as support, and 
adjusting equipment to body size. Participants also identified tasks that could not be improved through 
work technique alone, but required workplace or organizational changes. 

Reducing MRI Projectile Incidents: A Human Factors Redesign of Safety Screening Materials for a 
Diverse Patient Population 

Johnathan SIEW, Alex LEE, Iris NG, Yeoh Chuen JYE 
Office of Human Factors & Ergonomics, Singapore General Hospital, Singapore 
 
Background: Magnetic Resonance Imaging (MRI) projectile incidents remain a serious patient safety risk, 
commonly resulting from missed or incomplete screening for metallic objects and implants. Following a 
series of incidents, the Department of Diagnostic Radiology (DDR) at Singapore General Hospital (SGH) 
engaged the Office of Human Factors & Ergonomics (OHFE) to enhance risk mitigation. Prior to 
intervention, MRI safety screening relied on comprehensive but complex checklists and patient 
instructions, increasing cognitive load and the potential for error among both staff and patients. These 
challenges were compounded by SGH’s highly diverse patient population, spanning multiple languages, 
cultures, and levels of health literacy. Objective: To apply human factors and ergonomics (HF/E) principles 
to redesign MRI safety screening materials in order to reduce errors, improve usability, and enhance 
understanding for both staff and patients. Methods: OHFE led a multidisciplinary review of existing MRI 
screening materials. Key interventions included reorganising checklists into clear, stepwise sections 
aligned with anatomical regions (General, Neck & Above, Torso & Upper Limbs); introducing visual 
hierarchy through bold headings, logical grouping, and visual cues to reduce cognitive load; tailoring 
materials for staff (structured prompts) and patients (simple language with visuals); removing redundant 
information; highlighting critical safety warnings (e.g., “MRI magnets are always ON”); and clarifying patient 
expectations during the scan process. Results: The redesigned materials improved clarity, usability, and 
completeness of MRI safety screening. Enhanced structure and visual hierarchy reduced the likelihood of 
missed checks, while tailored communication improved understanding across diverse patient groups. 
Early feedback indicated increased staff confidence and improved patient compliance. Conclusion and 
Next Steps: Applying HF/E principles to MRI safety screening supports systematic workflows and reduces 
cognitive burden in safety-critical processes. The next phase will focus on translating the redesigned 
materials into a digital platform to enable just-in-time review and reduce reliance on laminated checklists. 
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Dimensions of Digital Transformation and their Technostress Implications: Evidence from a German 
Workforce Survey 

Louisa Marie DAUER, Verena NITSCH 
RWTH Aachen University, Germany 
 
Digital technologies, such as email, robots, and AI are increasingly prevalent in the work environment, 
driving an ongoing digital transformation. This transformation can be divided into three subdimensions: 
digitization (replacement of analogue tools with digital ones), digitalization (changes in working routines 
due to digital technologies) and digital transformation (collective change due to digital tools). While this 
development promises new opportunities, it might also trigger technostress (stress related to the use of 
digital technologies), which entails techno-distress (impairment with negative consequences) and techno-
eustress (motivational with positive outcomes). However, empirical evidence on this topic is limited. To fill 
this gap, an online panel survey was conducted in Germany (N = 1,907). Results revealed a significant 
positive relation between techno-distress and the overall digital transformation scale, and with the 
subscales for digitalization and digital transformation, but not with digitization. In contrast, techno-eustress 
was significantly positively associated with all dimensions of digital transformation. Summarizing, the 
findings suggest that digital transformation in its various facets is linked with both positive and negative 
forms of technostress (except for digitization with techno-distress). Yet, conditions that could differentiate 
between positive and negative stress remain unclear and should be further explored in future research.  

 

Understanding VR-Based Robot Teleoperation: An Empirical Analysis of Task Characteristics and 
Individual Abilities 

Manuel ZAREMSKI, Alexandra NICK, Enes DINCER, Gerhard NEUMANN, Barbara DEML 
Karlsruhe Institute of Technology (KIT), Germany 
 
The increasing integration of robotics in automated industrial processes and hazardous environments 
necessitates a greater emphasis on manual teleoperation. This development enables human experts to 
control robots in critical applications, such as remote maintenance, search and rescue missions, and 
medical operations. A key question arises regarding how the design of a virtual reality (VR) teleoperation 
setup, viewed as a socio-technical system, and the operator's personal abilities influence performance in 
teleoperation. In a within-subject study, 31 participants teleoperated a Franka Emika Panda arm in a 
leader-follower setup. Participants completed three different tasks, including cup insertion, precise 
stacking of T-shaped blocks, and completing a wire bead maze in different VR visualization conditions 
(RGB video streams, point cloud), with four trials for each task (4 trials × 3 tasks × 4 visualizations). Our 
findings indicate that the three tasks exhibited significant differences in performance and perceived 
difficulty. Notably, individual mental rotation ability was no significant predictor of perceived difficulty or 
performance across these tasks. These results contribute to the understanding of human-centred VR 
robot teleoperation regarding of task characteristics and individual abilities. 

 

 

Safety, Security, and Information Security: An Integrated Approach for Enhancing Integrative 
Security 
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Jonas BRÜNGGER, Katrin FISCHER, Nicole MÜLLER, Stefanie WEISS, Stefan WAHRSTÄTTER 
University of Applied Sciences and Arts Northwestern Switzerland, Switzerland 
 
Security - whether protection against accidents (safety), sabotage (security), or cyberattacks (information 
security) - must be ensured at all times, especially in critical infrastructures. Safety and (information) 
security share the goal of protecting people, the environment, and facilities. Their measures must be 
developed in an integrated manner so that safety does not compromise security and vice versa. In 
corporate environments, coordinated implementation is crucial to avoid goal conflicts and ensure overall 
protection across all organizational processes. In practice, these domains have long been treated 
separately, leading to conflicting measures that often become evident only during incidents. Increasing 
system complexity, interconnectivity, shared threats, regulatory demands, and resource constraints make 
an integrated approach indispensable. Human and organizational factors such as situational awareness, 
compliance, risk perception, and communication play a decisive role. A holistic consideration of these 
aspects fosters synergies, consistent safety, and resilience against security incidents in critical 
infrastructures. This project examines how regulators and operators can systematically identify and assess 
conflicts between safety, security, and information security. It aims to develop theoretically grounded 
tools that promote reflection and integration of conflict assessment into supervisory and operational 
workflows in systems of critical infrastructures. 

 

A Multi-Sensor Wearable Measurement Approach to Assess Heat- and UV-Related Occupational 
Strain in Outdoor Work: Conceptual Framework and Proof-of-Concept Data 

Norman RIEDEL, Sascha WISCHNIEWSKI 
Federal Institute for Occupational Safety and Health - BAuA, Germany 
 
While climate change increasingly amplifies exposure of outdoor workers to extreme heat and UV 
radiation, the quantification of real-world occupational strain remains insufficient. This contribution 
addresses this issue through two complementary approaches. First, a descriptive analysis of the 2024 
BIBB-BAuA Employment Survey (n > 20,000) is employed to characterise self-reported stressors, 
resources and health complaints among workers who predominantly work indoors or outdoors. It shows 
that outdoor workers face disproportionately high physical and environmental demands, such as extreme 
weather and fumes, and report higher rates of musculoskeletal complaints compared to indoor workers. 
Second, a conceptual framework is introduced that combines a multi-sensor wearable measurement 
approach with questionnaire-based assessments of resources, in line with the Job Demand-Resource (JD-
R) model. The methodology follows a longitudinal design, monitoring employees during work and 
commuting phases across seasonal conditions in Germany (spring, summer, autumn). Wrist-worn devices 
track physical activity and cardiovascular parameters, while upper-arm sensors measure localised UV 
exposure and ambient heat. Preliminary proof-of-concept data demonstrates the technical feasibility of 
this approach, providing a robust methodological foundation for developing evidence-based protective 
measures and adaptive work systems. 

 

ErgoSafetyObserver: Development of a digital exposure assessment tool for prevention and 
mitigation of work-related musculoskeletal disorders 
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Sebastian SKALS, Jacob Lund MADSEN, Line LINDBERG, Stine Øien Dandanell GARN, Mikkel Brandt 
PETERSEN, Lars Louis ANDERSEN, Pete KINES 
The National Research Centre for the Working Environment Copenhagen, Denmark 
 
We present the development of the newest iteration of the Safety Observer App, a free, digital tool created 
by The National Research Centre for the Working Environment in Denmark to prevent workplace accidents 
through systematic observations. The current project aims to integrate ergonomic exposure assessment 
into the existing platform to strengthen practitioner self-efficacy and effectiveness in preventing and 
mitigating work-related musculoskeletal disorders. The resulting tool, called ErgoSafetyObserver, will 
provide a modern, evidence-based framework that supports preventive organizational efforts, systematic 
observations to identify risk and track progress, as well as user proficiency in developing targeted 
interventions. Using a mixed-methods design, the project consists of five phases: (1) needs assessment 
through interviews with practitioners and collaboration with industry partners, (2) development of 
exposure categories and scoring systems based on a literature synthesis and expert assessments, (3) 
repeated practitioner assessments of video-recorded work tasks to evaluate reliability and usability, (4) 
case studies in the retail and construction sectors, and (5) integration and dissemination within the existing 
Safety Observer platform. Upon its integration, ErgoSafetyObserver will be made available to more than 
5,500 active users and enhance the app’s capacity to support multifaceted and systematic workplace risk 
assessments in physically demanding industries. 

 

Generative agents for simulating autonomous work groups: Development of a demonstrator with 
memory stream and LLM connection 

Magnus DAVID, Sven TACKENBERG, Jan-Phillip HERRMANN 
OWL University of Applied Sciences and Arts, Germany 
 
Autonomous work groups in production are based on individual decisions and actions taken by workers. 
In this article, we introduce Large language model (LLM)-based software agents, known as generative 
agents, that simulate human behaviour in a virtual production system within a game environment. These 
agents autonomously select and process tasks. To enable generative agents, we describe a prompt 
architecture that incorporates a complete request and task selection in natural language, synthesizes 
results over time into higher-level reflections, and retrieves them for further tasks to plan behaviour. The 
behaviour of the generative agents is based on the LLM's output and each agent's individual memory 
stream. The simulation study conducted shows that the generative agents exhibit similar behaviour over 
a period of five days, based on the individual personality traits incorporated into the prompts to the LLM. 
In addition, the results show that the implemented memory stream enables the agents to identify and 
learn advantageous task allocations and task sequences for future shifts. The paper demonstrates that 
the application of LLM-based agents enables the credible simulation of human behaviour in a production 
system. 

 

 

 

A Case Analysis of the Titan Submersible Implosion from a Human Factors Perspective 
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Gözde ATALAN, Türker ÖZKAN 
Middle East Technical University, Turkey 
 
This case analysis aims to identify the contributing factors involved in the implosion of the Titan 
submersible, operated by OceanGate, which occurred on June 18, 2023. The incident represents a critical 
example of the interaction between human, organizational, and technological factors in high-risk 
environments. The incident was analysed using the Haddon Matrix, which examines contributing factors 
across three temporal phases: pre-event, event, and post-event. The roles of the human factors, social 
and organizational context, physical environment, and vehicle/equipment were systematically examined 
using a cell-based analytical approach. The Haddon Matrix is particularly effective in the analysis of 
engineering and industrial accidents where human factors play a critical role, as it facilitates the 
identification of systemic failures and the development of targeted improvement strategies. The analysis 
revealed how interactions among factors that contributed both to the occurrence of the implosion and to 
the system’s inability to effectively respond to the event. Key findings highlight deficiencies in safety 
culture, risk perception, and the management of human–technology interactions throughout the 
operational lifecycle. This case analysis underscores the importance of a systems-based human factors 
approach in high-risk industries. Based on the identified contributing factors, recommendations are 
provided to mitigate similar failures in future operations, emphasizing improvements in organizational 
decision-making, safety governance, and human-centred design. 

 

Developing a UX Assessment Protocol for Automotive HMIs in Real-Vehicle Conditions 

Marco CESCON, Margherita PERUZZINI, Davide GAGLIONE 
University of Bologna, Italy 
 
This study presents the development and execution of a comprehensive usability evaluation of in-vehicle 
Human–Machine Interfaces (HMIs) conducted in a real vehicle under static conditions. The objective was 
to assess user performance and subjective perceptions while interacting with the instrument cluster, 
central display, steering-wheel controls, and additional ergonomic adjustment commands. The work 
describes the full process from requirement analysis to test-protocol design, including the creation of 
structured tools for consistent data collection. Participants completed predefined interaction tasks, for 
which objective metrics such as task completion times and error rates were gathered. Subjective metrics 
included perceived usability, perceived quality, and satisfaction, collected through custom-designed 
rating items. All data were archived and processed through a structured pipeline, followed by statistical 
analyses using t-tests and ANOVAs to explore differences across user groups and interface elements. 
Findings highlight critical usability issues and show how demographic and interface factors influence task 
performance and user perception. In addition to these empirical results, the study offers a practical 
contribution by delivering a structured and reusable user-assessment procedure that can be adopted 
within the company for future HMI evaluations, supporting consistent and evidence-based decision-
making across upcoming vehicle development activities. 
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Young Adults’ Perceptions of Safety, Technology, and Everyday Experience in Tram Transport: 
Findings from Focus Groups 

Antonio LUCAS-ALBA, Eva BLASCO, Sara ESCRICHE, Maria T. BLANCH, Patricia E. ALMAGUER 
University of Zaragoza, Spain 
 
This study explores young adults’ (18–30 years) experiences and expectations regarding public transport, 
focusing on tram use. Four focus groups (N = 32) were conducted to examine three safety- and operations-
related use cases: (a) anomaly detection inside the tram (e.g., environmental changes, harassment or 
violence among passengers), (b) pedestrian–vehicle conflicts (e.g., pedestrians crossing the tracks without 
noticing an approaching tram), and (c) passenger distribution within the vehicle (e.g., anticipating available 
space or areas for wheelchair users). For each use case, participants discussed existing problems, 
potential solutions, and reactions to hypothetical scenarios, such as autonomous trams and AI-enabled 
camera systems. Findings revealed concrete operational needs derived from everyday travel experience, 
including improving signage, increasing the availability of grab points, and providing clearer information 
about carriage occupancy. Participants generally recognised the potential of technological solutions—
such as computer-vision-based anomaly detection or autonomous operation—to enhance safety and 
optimise passenger flow. However, they also expressed ambivalence: concerns emerged regarding 
privacy, data governance, and the extent to which technology can reliably guarantee safety in complex 
social environments. Overall, the results highlight the importance of balancing human-centred design 
principles with technological innovation to support safer and more inclusive tram use. 

 

Human factors as a Jack-of-all-Trades 

Jettie HOONHOUT  
VitalWear, The Netherlands 
 
In my Human Factors work, I pivoted several times - from topic, from domain, to stretching classical HF 
activities. I also pivoted in rejecting technology push, but learned to appreciate the spirited and 
enthusiastic views of clever engineers with nice (albeit not always practical) ideas, and how to jointly turn 
their wild ideas into something more practical and useful. I went from control room design to information 
design to voice-control to semi-conductors applications to lighting to TV to food-appliances to lifestyle 
behaviour change to medical appliances. From more hardcore HF engineering to (more fluffy?) business 
development. Several key learnings I gained over the years are the value of multi-disciplinary teams, of 
understanding cultural influence, the plus-side technology push can have, that most benefits will have 
drawbacks, and the value of understanding business development. I plan to share some of my learnings 
and experiences I gained in my pivots. My main learning is that Human Factors is a highly useful and 
versatile background in many different domains and topics. And I would like to also make a case why I 
think that HF should become better in selling itself (spoiler: co-creation, design thinking are not new, and 
not invented by the design community!) 
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Flow with Anthropomorphic AI - Insights from a Mediation Analysis 

Muriel REUTER  
Federal Institute for Occupational Safety and Health -BAuA, Germany 
 
Flow - a state of complete absorption and optimal experience - is a key aspect of engaging and effective 
work. However, research on the influence of AI assistance systems on flow remains limited. When humans 
and AI systems are conceptualised as collaborative team members, trust in the AI becomes a fundamental 
requirement for achieving team-flow. Prior literature suggests that anthropomorphic design elements 
may enhance trust, providing a potential pathway to improved flow in human-AI collaboration. To examine 
this relationship, we conducted a laboratory study using a one-factorial within-subject design 
(anthropomorphic design: low vs. high) in an AI assistance interface. Sixty participants interacted with both 
interface variants while performing a complex multitasking control task requiring sustained cognitive 
engagement. Firstly, the study aims to validate the manipulation by demonstrating higher perceived 
anthropomorphism in the high-anthropomorphism condition. We further hypothesize that increased 
perceived anthropomorphism will enhance perceived trustworthiness, which in turn will positively 
influence flow, constituting a mediated relationship. Data collection is complete, and analyses are 
forthcoming. By systematically investigating the role of anthropomorphic design, this study contributes to 
a more nuanced understanding of how trust and flow can be fostered in AI-supported work environments. 

 

A user-centred approach to LLM-supported HCI in Controlled Agricultural Environments 

Vivien LUNGWITZ  
Psychology, Technical University Chemnitz, Germany 
 
Controlled Agricultural Environments (CAE), such as indoor farms and aquaponic systems, have advanced 
rapidly in recent years and are increasingly deployed across economic sectors. Indoor farming offers high 
yield stability, consistent product quality, and improved resource efficiency, but simultaneously 
introduces complex, highly automated systems. This increasing system complexity challenges day-to-day 
operators, scientists, and managers in understanding system behaviour and in developing trust in 
automated control strategies, not only in fault situations. This contribution presents a user-centred design 
approach for developing HCI interfaces supported by LLMs in Controlled Agricultural Environments. 
Following DIN EN ISO 9241-210, a requirements analysis was conducted using interviews and shadowing 
with heterogeneous stakeholder groups. Based on these empirical data, personas were developed to 
represent distinct user groups with differing goals, levels of expertise, and mental models. These personas 
serve as a foundational design artifact to tailor LLM-based feedback and explanations of complex 
dynamic processes within CAE systems in a comprehensible, trustworthy, and role-appropriate manner. 
Planned user studies will investigate how persona-driven, LLM-mediated interaction influences system 
understanding, acceptance of automation, and willingness to adopt novel CAE technologies in the future. 
This work contributes to human-centred AI design in sustainability-critical production environments. 
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Cultivating Adoption: Transitioning from Tech-Centric Agriculture 4.0 to Human-Centric Industry 
5.0 

Yael SALZER 
Volcani Institute, Israel 
 
This presentation argues that implementing Human Factors and Ergonomics (HFE) approaches tailored to 
the unique challenges of the agricultural sector is vital to closing the ongoing gap between rapidly 
advancing Agriculture 4.0 technologies and their counterintuitively limited adoption. Throughout earlier 
industrial revolutions 1.0 through 3.0, agriculture consistently adapted and improved practices to meet 
increasing food demand while facing a shrinking workforce. Industry 4.0's data-driven technologies, 
including artificial intelligence, smart sensors, and robotics, demonstrate potential to advance sustainable 
agriculture and reduce dependence on human labour. However, Agriculture 4.0 technologies have not 
been adopted as widely as anticipated. Farmers often question the workflow integration and its effects on 
efficiency and costs. Furthermore, advanced technologies may not fit existing practices or equipment. A 
critical barrier is the knowledge gap among many actors, exacerbated by an aging workforce (average 
farm manager over 55), limited training, and technology anxiety. HFE concepts have been largely absent 
from discussions of Agriculture 4.0. Industry 5.0 emphasizes human-centricity, resilience, and 
sustainability, prompting a refocus of HFE research in the unstructured, variable agricultural environment. 
Strengthening HFE in this context is essential for aligning technologies with the needs and limitations of 
agricultural tasks and users, ultimately promoting global food security. 

 

Human Factors and Affective Science in Schooling: SSHELL and STM as System-Level 
Interventions for Student Well-Being 

Astha GILL 
Human Factors in Aviation & Education Systems, India 
 
School systems operate as complex socio-technical environments, yet Human Factors (HF) principles 
rarely inform how they are designed or evaluated. This paper introduces the SSHELL model, an extension 
of the classical SHELL framework that adds Self-consciousness as a critical determinant of learner 
performance, emotional regulation and system interaction. To operationalise SSHELL in schools, the paper 
presents the Student–Teacher Meet (STM) as a structured one-to-one interface that elicits a student’s 
self-consciousness, internal states, perceived workload, and sources of mismatch. STM functions as a 
diagnostic HF tool that reveals Liveware–Liveware, Liveware–Environment, Liveware–System and 
Liveware–Software misalignments while also making visible the learner’s reflective and regulatory 
capacities central to the SSHELL model. The scientific rationale for HF in schooling draws on psychological 
and neuroergonomic evidence showing that unmet needs in Maslow’s hierarchy, low psychological safety 
and negative affective states directly impair attention, decision-making, memory and error tolerance. HF 
offers a measurable framework for addressing these vulnerabilities. Illustrative cases demonstrate how 
SSHELL-informed STMs identify latent conditions affecting performance and well-being. The paper 
positions HF as an evidence-based, urgently needed lens for enhancing student experience, safety and 
system resilience in contemporary education. 
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Cognitive Co-Evolution in Human-AI Interaction 

Magnus LIEBHERR 
University Duisburg-Essen, Germany 
 
Artificial intelligence increasingly transitions from isolated tools to deeply integrated components of 
technological systems and everyday applications. This shift fundamentally changes how humans interact 
with technology and how cognitive processes are distributed across human-AI systems. Rather than 
merely reducing effort, AI reconfigures cognition: functions such as memory retrieval, vigilance, and 
routine decision-making are increasingly externalized, while higher-order processes including 
metacognitive monitoring, critical evaluation, and strategic reasoning become more central. At the same 
time, AI systems adapt to human behaviour through continuous feedback, creating a reciprocal loop of 
adaptation between human and machine. We conceptualize this dynamic process as cognitive co-
evolution. Building on this perspective, the proposed framework integrates individual (e.g., trust, AI 
literacy), situational (e.g., task complexity, uncertainty), and system-related factors (e.g., transparency, 
autonomy) to explain when co-evolution leads to enhancement, overreliance or dependency. By clarifying 
how cognition adapts to increasingly autonomous and adaptive systems, this framework contributes to 
the development of AI applications that support robust judgment, promote critical thinking, and prepare 
users for sustained interaction with intelligent technologies in complex, safety-relevant contexts. In 
parallel, it informs approaches to user preparation and training that enable humans to engage effectively 
and responsibly with adaptive AI systems over time.  

 

Artificial Contexts: Using Mediating Objects and Activities to Understand Human Experience and 
Behaviour  

Mikael JOHANSSON, Sofia SAMUELSSON, Signe SVENSSON, Melina MAKRIS, Johanna PENNER, Jonas 
BORELL, Anna-Lisa OSVALDER 
Chalmers University of Technology, Sweden 
 
Context is widely recognized in design and human factors research as essential for understanding human 
experience and behaviour. Yet studying phenomena in naturalistic settings is sometimes impractical due 
to safety risks, future-oriented scenarios, or the complexity of real-world environments. Researchers 
therefore create artificial contexts using mediating objects and activities—such as prototypes, simulations, 
or enactments—to explore human experience. However, the diversity of these approaches makes it 
challenging to plan studies systematically or compare results across different setups. This work proposes 
a tentative framework to support the design and analysis of studies that employ mediating tools. The 
framework is informed by ten studies across diverse domains, including risk management, workplace 
ergonomics, and transportation, all using mediating tools. The studies were organized along two 
dimensions: depth, reflecting the complexity of the phenomenon of interest, and fidelity, indicating how 
closely the setup approximates the real context. The framework comprises three components: the type 
of information the study aims to extract, what experience the mediating tools should evoke (past or 
present), and how to support communication when users lack the language or awareness to articulate 
insights. Examples from the studies illustrate how the framework can help researchers plan mediated 
setups more deliberately. 

 



 
 

64 
 

Human Factors in Post-Retirement Employment: Motives, Job Conditions, and Health 

Alexandra LECOURS, Quentin DURAND-MOREAU 
Université du Québec à Trois-Rivières / University of Alberta, Canada  
 
BACKGROUND. Older adults increasingly re-enter paid work after retirement in North America. Various 
sources of motivation underlie this phenomenon. Human factors considerations are central, since safe and 
sustainable participation depends on alignment between person, task, and organization. AIM. To examine 
how motives for returning to work relate to health and functioning among Canadian retirees, and whether 
job conditions moderate these associations. METHODS. Cross sectional online survey of retirees back in 
paid work. Predictors include stated return to work motives, work motivation types, and workaholism. 
Outcomes span perceived health, functioning, exhaustion, injuries, and errors or near misses. Job 
conditions capture physical and psychological demands, workload, autonomy, recognition, social support, 
and accommodations. Analyses include correlations and multivariable models adjusted for age and sex. 
Target sample size is 171 based on a priori power. RESULTS. Data collection is ongoing. Anticipated results 
are that more autonomous motives, higher recognition, co-worker support, and accommodation will align 
with better health and functioning, whereas controlled motives, higher workaholism, and elevated 
physical and psychosocial demands with low support will align with poorer outcomes. DISCUSSION. 
Findings will inform ergonomists on job and schedule adjustments, guide managers on participatory 
accommodations and recognition practices, and support policymakers in prevention programs and age-
inclusive employment strategies. CONCLUSION. Understanding why retirees return to work, together with 
load and design features, can guide human centred interventions that sustain safe performance and well 
being. 

 

The Role of Attentional Orienting in Hazard Prediction: Evidence from Cardiac and Skin 
Conductance Responses 

Candida CASTRO, .A. SALAZAR-FRÍAS, A.P. Pacheco-Unguetti, M.A MUÑOZ, C CASTRO 
Cimcyc (Mind, Brain and Behaviour Research Centre) University of Granada, Spain 
 
This study extends this literature by examining whether psychophysiological signals—phasic cardiac 
responses (PCRs) and galvanic skin responses (GSRs)—differ across levels of attentional orienting (invalid, 
valid, simple trials) and driving experience (novice vs. experienced drivers) during a Hazard Prediction task. 
Forty participants participated in this study. They were divided into two groups according to their driving 
experience: 20 novice drivers (12 female) with a mean age of 23.3 years (SD = 3.64); and 20 experienced 
drivers (10 female) with a mean age of 28.5 years (SD = 5.61) The findings are consistent with our previous 
research showing that experience enhances the ability to anticipate hazards and effectively allocate 
attention to relevant cues. Notably, attentional orienting manipulations significantly affected accuracy, 
suggesting that Hazard Prediction is sensitive to the spatial and temporal dynamics of visual attention. 
Psychophysiological findings provided complementary insights into the mechanisms underlying hazard 
anticipation. PCRs were largest for invalid trials, reflecting orienting responses to unexpected or 
incongruent information, consistent with prior work linking transient heart rate decelerations to attentional 
capture and sensory intake. In contrast, GSRs only showed a trend toward greater conductance in 
experienced drivers during valid trials, potentially reflecting heightened sympathetic engagement and 
anticipatory affective processing. 
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Highly automated vehicles’ communicated intents to interact with pedestrians and pedestrians’ 
appraisals – A study across different cultures 

Michael OEHL, Sina NORDHOFF, Marjan HAGENZIEKER, Yee MUN LEE, Natasha MERAT, Marc WILBRINK 
German Aerospace Center (DLR), Germany 
 
Highly automated vehicles (HAVs) introduce new challenges for safe pedestrian interaction, particularly 
in how vehicles communicate intent. This intent can be conveyed implicitly through vehicle kinematics or 
explicitly via external human–machine interfaces (eHMIs), such as light bands. Yet research comparing 
how these signals work together across cultures remains limited - knowledge that is essential for universal 
design and standardization. To address this gap, we replicated earlier experimental studies from Germany, 
Japan, and Singapore with new samples from the Netherlands and UK. Participants viewed HAVs that 
varied in explicit communication (intention-based eHMI, static eHMI, none) and implicit behaviour (yielding, 
non-yielding). We measured pedestrians’ willingness to cross, perceived safety, and trust in the eHMI. 
Across all five countries, intention-based light-bands increased willingness to cross and perceived safety, 
and were rated as more trustworthy and supportive. However, when explicit and implicit cues conflicted, 
participants tended to rely on the explicit signal, creating potentially unsafe situations. The degree of this 
overreliance varied slightly between national samples. Overall, the findings highlight both the benefits and 
risks of light-band eHMIs and reinforce the need for universal, standardized design guidelines that 
improve safety while reducing overreliance on explicit signals. 

 

Beyond Usability: A Case Study on Embedding Human Values in the Evaluation of Experience 
Design of a Smart Home Application 

Veronica HOTH, Stefan BRANDENBURG 
Technical University Chemnitz, Germany 
 
In addition to good usability and positive user experience, technological products today are expected to 
align with users’ values as ethical considerations increasingly shape purchasing decisions. While Human-
Centred Design (HCD) prioritizes user needs, Value Sensitive Design (VSD) incorporates ethical principles 
and user and company values. Integrating the two supports a more holistic, value-driven approach to 
product design and development. To operationalize the integration of these two approaches, a case study 
was conducted to assess its value for design evaluations. In collaboration with a manufacturer of heating 
pumps the focus of this case study lies on evaluating the heating-curve feature of its smart home 
application. The research comprised two components: (1) a remote usability test using Thinking Aloud, and 
(2) a value card-sorting exercise based on the VSD framework. The findings served as design 
recommendations intended to improve usability, enrich user experience, and strengthen alignment with 
users’ and the company's values. As an early effort to combine HCD and VSD, this study illustrates how 
understanding users’ values can solve usability and user experience issues and guide the design of value 
oriented interactive applications.  
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Where and When Operators Look: How Task Characteristics Shape Visual Attention Allocation in 
Industrial Process Control 

Sebastian PÜTZ, Alexander MERTENS, Verena NITSCH 
RWTH Aachen University, Germany 
 
The automation of industrial processes places human operators in supervisory roles. In these settings, 
operators must effectively allocate their attention across various sources of information to detect critical 
events. In this research, we explored how different task characteristics impact the temporal and spatial 
aspects of operators' visual attention allocation based on 150 hours of eye-tracking data from two studies 
(total N = 100), during which participants engaged in a process control monitoring task. Participants 
responded to higher primary task demands (Study 1) and the addition of an auditory secondary task (Study 
2) with faster reallocations of attention, indicated by significantly decreased fixation durations. Conversely, 
in both studies, fixation durations significantly increased over time on task, indicating slower shifts of 
attention, along with significant decreases in fixation offsets, demonstrating a narrower attentional focus. 
These effects were counteracted by introducing task rewards (Study 1) and task alerts (Study 2), which led 
to decreases in fixation durations and increases in fixation offsets. The results highlight that the onset of 
mental fatigue over time on task leads to less effective attention allocation, undermining operators’ 
strategies for coping with increased task demands. Task rewards and task alerts were effective in 
mitigating these effects. 

 

From Lab to Forest: A Field Study on Physiological Measurements for Real-World Strain 
Assessment during Forestry Work 

Nikolas SCHIERHORST, Alexander MERTENS, Verena NITSCH 
RWTH Aachen University, Germany 
 
A comprehensive strain assessment of workplaces requires measuring both physical and cognitive strain 
simultaneously. Physiological measures provide opportunities to indicate these strains, although 
examinations are often limited to controlled laboratory settings, where physical and cognitive strain are 
examined in isolation. Real-world tasks, however, involve more complex environments and overlapping 
task demands. This pilot field study examines whether physiological measures can assess concurrent 
physical and cognitive strain during real-world forestry work. To do so, two forestry workers were 
accompanied across four tree felling operations. Participants wore eye tracking glasses and chest strap 
ECG to record pupil diameter and heart rate (variability), respectively. After each operation, the subjective 
strain was immediately assessed based on video recordings. Task-based analyses revealed that 
physically demanding task segments were also rated as cognitively demanding, indicating situations of 
concurrent strain. Physiological measures showed expected correlations with subjectively reported strain 
types. Despite its small sample size, the study offers preliminary insight into the use of physiological 
measures in assessing concurrent strain during real-world work tasks. However, isolating individual strain 
contributions remains challenging in such uncontrolled environments, highlighting the need for further 
research in laboratory settings, but also in larger field studies that more closely resemble real-world 
working conditions. 
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Who Gets to Participate in Digital Data Collection? Human Factors of Inclusion and Exclusion from 
Anthropological and Psychological Perspectives 

Franziska GÜNTHER 
TU Berlin, Germany 
 
Digital technologies are often presented as a means of making research participation more accessible and 
inclusive. However, digital data collection also introduces mechanisms of exclusion that, although 
discussed in related fields, are rarely considered in the context of human factors and user experience (UX) 
debates on digital research infrastructures. Drawing on an interdisciplinary collaboration between 
psychology and ethnology, this poster analyses how the socio-technical arrangements of digital studies 
determine who can participate and whose perspectives are excluded. Using examples of online 
experiments and questionnaire studies in psychology, as well as digitally supported ethnographic 
fieldwork (e.g. mobile interviews, video self-documentation and platform-based observation), we 
demonstrate how recruitment channels, platform logic, financial incentives, language, trust, legal 
uncertainties and basic usability collectively determine who is included and who is excluded in digital 
research. We argue that non-participation is not merely a logistical issue, but an analytical finding that 
reveals structural inequities in digital research infrastructures. Synthesising insights from both disciplines, 
we outline a set of considerations for making digital research participation more inclusive. These include 
more transparent reporting of selection mechanisms, mixed-methods and mixed-modal approaches, co-
designed recruitment and consent processes, and accessible feedback on results for participants. The 
poster invites discussion on how Human Factors can address inclusion and exclusion more systematically 
when designing digital research platforms and tools, particularly for vulnerable or underrepresented 
populations. 

 

How Motivation Shapes Human–AI Interaction in Moral Decision Contexts 

Adriana SALATINO, Arthur PRÉVEL, Emilie CASPAR, Salvatore LO BUE 
Royal Military Academy, Brussels, Belgium 
 
As Artificial Intelligence (AI) systems become increasingly integrated into high-stakes operational 
environments, understanding how human motivation shapes interaction with AI is essential for designing 
responsible and trustworthy decision support tools. While previous research highlights the risks of 
automation overreliance, far less is known about how motivation influences moral decision-making when 
AI recommendations are involved. This study investigates how motivation and AI assistance jointly affect 
moral decision-making in a simulated military drone strike scenario. Military personnel were tasked with 
deciding whether to engage a target, with or without AI recommendations. To allow examination of 
potential overreliance AI suggestions were occasionally and clearly misleading. Preliminary results 
indicate patterns whereby motivation and risk-taking disposition may play a meaningful role in shaping 
how participants engage with AI support, particularly in morally sensitive contexts. Early observations also 
suggest that participants’ perceptions of responsibility and confidence may shift depending on their 
motivation and the presence of AI input. This work contributes to a deeper understanding of how 
motivational and dispositional factors interact with AI systems in ethically charged decision environments, 
offering insights for the design of future human-AI decision support architectures. 
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Safety performance indicator ‘Non-compliance with traffic rules’ – a German approach to 
monitoring a broader range of human behaviour in road traffic safety 

Christine SUTTER 
German Police University, Germany 
 
Safety performance indicators (SPIs) are a strategic approach to continuously monitoring road traffic 
safety. In Germany, the safety performance indicator Non-compliance with traffic rules integrates a broad 
range of safety-critical behaviours of road traffic users, such as running a red light, driving under the 
influence, driving without a license, fleeing the scene of an accident and headway in addition to the 
baseline SPIs. Moreover, the SPI Non-compliance with traffic rules considers the severity of the violation. 
As a main result of the project [Kathmann et al., 2025] by the German Federal Highway Research Institute, 
the presentation demonstrates the methodology and the data sources with which the SPI will be 
calculated. The SPI Non-compliance with traffic rules creates added value to the already established SPIs, 
as risky behaviour levers any safety gains in infrastructure or vehicle technology out. However, the SPI 
only captures risky behaviour of motorized road users. For cyclists, traffic rule compliance seems to be 
low, too. Moreover, there are high numbers of unreported accidents, so the authorities do not have valid 
data concerning the road traffic safety of cyclists. Future studies need to shed light on the road traffic 
safety of cyclists and their traffic rule compliance. 

 

Communicating Critical System Information: Proposal of a Human Factors Framework 

Maike RAMRATH, Mira VON DER LINDE, Meinald T. THIELSCH 
University of Wuppertal, Germany  
 
Advancing automation has shifted many professional roles from manual control to the monitoring of 
complex systems, raising the question of how operators can be supported in reacting reliably during 
critical situations. To address this, we examine which cognitive and psychological processes shape how 
critical system information is noticed, interpreted, and acted upon in high-risk environments. We present 
preliminary results from a pre-registered systematic review. A PRISMA-guided search across six 
databases identified 41 empirical studies on how workers in safety-critical domains respond to warnings 
and other critical cues. These findings highlight recurring processes, such as attention, mental workload, 
and situation awareness, shaping operator behaviour across domains including aviation, nuclear power, 
and emergency services. From the studies reviewed so far, we suggest a framework with four stages: pre-
event factors, perception, comprehension and evaluation, and action. Initial evidence suggests that design 
characteristics such as clearly distinguishable multimodal signals and adaptive interfaces support 
effective responses. Factors like automation level and task demands appear to shape how system 
information is processed. Our current insights provide a foundation for understanding operator responses 
to critical system information. Thus, we can derive measures to support safe and efficient human-system 
collaboration at different stages of system adaption and use. 
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Aligning Minds and Machines: An Integrated Perspective on Human–Swarm Collaboration 

Peter BERGGREN, Ella OLSSON, Jens ALFREDSON, Björn JOHANSSON, Cecilia BERGMAN 
Linköping University, Sweden  
 
Human–Autonomy Teaming (HAT), Joint Cognitive Systems (JCS), and Human–Swarm Interaction (HSI) 
offer distinct, complementary perspectives on collaboration between humans, heterogeneous drone 
swarms, inter- and intra-swarm collaboration, and for Agent Teaming (AT). HAT emphasizes shared mental 
models and shared understanding for effective teamwork; JCS conceptualizes humans and autonomous 
agents as a single coupled cognitive system requiring continuous coordination; and HSI highlights the 
challenges introduced by swarm heterogeneity and levels of automation. Effective AT depends on 
achieving Cross-System Mental Model Alignment (CSMMA), the dynamic and shared calibration of 
representations of goals, intentions, constraints, system states, and predicted behaviours. Differences in 
autonomy levels, emergent behaviours, and agent capabilities generate shifting cognitive demands, for 
alignment. JCS clarifies cognitive coupling degradation when mental models diverge; HAT explains 
misalignment undermining trust, predictability, and coordination; and HSI reveals heterogeneity 
amplifying these vulnerabilities. This illuminates need for adaptive coordination mechanisms, 
transparency gradients, model-based explanations, supporting shared understanding at task and intent 
levels for the ability to design, evaluate, and manage AT, under uncertainty. We propose a dynamic 
approach to achieve AT for CSMMA to dynamically identify, normalize and compare relevant parameters 
from different collaborative perspectives to assess variations in shared understanding as decision basis 
for AT. 

 

Designing for Constructive Conflict – Human-Centred Design of Megagames for Polarized Issues 

Björn JOHANSSON, Peter BERGGREN 
Linköping University, Sweden  
 
Societal transitions toward sustainability are often hindered by polarization, where conflicting values and 
interests between urban/rural communities, environmental/economic priorities, etc. make constructive 
dialogue difficult. This paper explores the design of a megagame, a large-scale, role-based simulations, 
as a tool for fostering co-constructive dialogue and reflection in polarized contexts. Drawing on action 
research and serious gaming, the project Melting the Polarization investigate how participants engage in 
dialogue with each other when navigating complex socio-ecological dilemmas. The megagame format 
brings together 20-150 participants representing diverse societal roles, enabling them to experiment with 
decisions, negotiations, and value trade-offs in a shared simulated world. Data from design workshops, 
conducted games, and design iterations reveal mechanisms supporting constructive conflict: the role of 
structured yet flexible game mechanics and the importance of iterative feedback loops between players 
and moderators. We argue that megagaming can be used not only to improve engagement, but also to 
create cognitive and emotional spaces for co-constructive dialogue on contested societal issues. 
Megagames thus serve as boundary objects that allows for transformation of conflict into collaboration 
and support collective visions of sustainable futures. Human‑centred megagame design fosters empathy, 
agency, and feedback for sustainability dialogues that aim to dissolve polarized views. 
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Look Up! How Can Takeovers in Automated Driving Be Improved? 

Nicole DAMM, Martin BAUMANN 
Ulm University, Germany  
 
Drivers of conditionally automated vehicles must resume manual control upon a takeover request (TOR), 
often while engaged in a non-driving related task (NDRT). Such transitions are safety-critical, as drivers 
typically exhibit low situation awareness (SA) and may interleave between the NDRT and the driving task 
rather than fully reorienting their attention. This study examined whether a monitoring request (MR) issued 
prior to the TOR can enhance drivers’ SA and reduce interleaving, and whether the interruptibility of the 
NDRT moderates these effects. In a driving simulator study (N = 36), a 2×2 within-subjects design 
manipulated the presence of an MR and the interruptibility of a visual-manual working-memory task. Eye-
tracking data and NDRT interactions were analysed to assess SA and interleaving behaviour. Results 
showed that MRs significantly improved drivers’ glance behaviour after the TOR, indicating higher SA, and 
reduced the likelihood of interleaving. Although NDRT interruptibility did not affect takeover time, high 
interruptibility increased interleaving duration when an MR was present. Moreover, drivers continued 
interleaving even after physically taking control. These findings indicate that takeover behaviour in 
automated driving deviates from traditional task-switching assumptions. Nevertheless, MRs represent a 
promising design element to support safer transitions by increasing SA and mitigating interleaving. 

 

From chaos to control: Strategic approaches for dealing with interruptions in the digital workplace 

Vera B. RICK, Luisa DANNENBERG, Clara HEINTZE, Jens KNISPEL, Veneta SLAVCHOVA, Viktoria ARLING, 
Alexander MERTENS, Verena NITSCH 
RWTH Aachen University, Germany  
 
Work interruptions, e.g., through incoming emails and calls, are amongst of the most common 
psychological stress factors in the workplace. Office workers in particular are affected as advancing 
digitalization has connected to an increase of interruptions. As part of two longitudinal studies, office 
workers in Germany were questioned about their work interruptions. The first study recorded various 
interruption characteristics (source, sender and content), while the second study examined how the 
interrupted persons dealt with the interruptions. The results of the first study show that interruptions can 
have different effects on workers. The objective interruption frequency is not the decisive factor; rather, 
the perception of interruption, which depends, among others, on the source, the sender and the content 
of the interruption that can convey the emotional exhaustion. Furthermore, the second study revealed that 
individuals who are interrupted rarely employ specific strategies to manage interruptions. When strategies 
are employed, they are usually used during an interruption, such as taking notes so that you can quickly 
get bag to work after the interruption. There is little use of strategies for proactively organizing 
interruptions in advance or addressing them afterwards, e.g., using adequate coping strategies. Both 
studies emphasize that individual consideration of interruption characteristics is necessary in order to 
implement appropriate interventions and strategies for reducing psychological stress in the workplace. 

 

 

Acceptance of E-Mobility: Expansion of the Technology Acceptance Model to Account for Trust-
Related and Personal Factors 
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Jana THIN, Eva GÖßWEIN, Magnus LIEBHERR 
University of Duisburg-Essen, Germany  
 
Electronic mobility plays a crucial role in sustainable transport strategies, making it essential to understand 
which factors determine user acceptance and intention to adopt e-mobility. Building on the Technology 
Acceptance Model (TAM), this study examines the acceptance of e-mobility focusing on Perceived 
Usefulness (PU) and Perceived Ease of Use (PEU) and the additional predictors Attitude, Trust, and Affinity 
for Technology Interaction (ATI). Findings from an online survey (N = 70) confirm the central role of PU and 
PEU in predicting the Intention to Use (IU). Trust, Attitude, and ATI jointly explained variance in PU (R2 = 
.593). Interestingly, ATI has a small negative effect on PU, suggesting that individuals with higher 
technology affinity apply more demanding standards to e-mobility. PEU was predicted solely by ATI. The 
effect of ATI on IU was fully mediated by PEU. The absence of Trust and Attitude effects on PEU could be 
explained by ease of use reflecting basic usability features that are generally similar to traditional mobility 
options and therefore not being affected by broader attitudinal or trust-related dispositions. Overall, the 
study enhances understanding of human factors shaping e-mobility acceptance. ATI emerged as a key 
predictor of PU and PEU, thereby influencing IU. 

 

Challenges associated with the investigation of medical non-technical skills (NTS) within the 
context of interdisciplinary research 

Rebecca WICZOREK, Maximilian PFEFFERER, Caroline FRANKE, Johannes LAFERTON, Florian RÜCKERT, 
Lina MÜLDER 
HMU Potsdam, Germany  
 
In addition to task-specific competencies, non-technical skills (NTS) play a crucial role in the medical 
context. These NTS encompass competencies such as teamwork, communication, and leadership. In 
critical situations, for instance in the context of emergency management during surgery, these skills 
assume particular importance. The present study investigates the impact of a decision-support system 
(DSS) on the NTS of anaesthesiologists. To this end, two established assessment systems, namely 
Anesthesia Non-Technical Skills (ANTS) and Oxford Non-Technical Skills (NOTECHS), were used to rate 
the NTS of eight anaesthesiology teams in a simulated emergency. The performance was evaluated by 
two raters, one with a medical background and the other with a psychological background. The obtained 
results indicate that neither ANTS nor Oxford NOTECHS achieved high interrater reliability. The analysis 
revealed no statistically significant correlations between NTS scores and team performance. Moreover, 
the utilisation of DSS did not yield any observable effects on NTS. The findings of the present study 
suggest that interprofessional variance may have a strong impact on the use of NTS assessment systems. 
The necessity for interdisciplinary development of adequate training, with recognition of these 
interprofessional differences, is outlined and deliberated. 
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Reducing Neck Strain at Height: User Perspectives on Tilting Forklift Cabins 

Freja TURÉN, Birgitta THORSLUND 
Linkoping University, Sweden  
 
Forklift trucks are essential in industrial and logistics operations but involve repetitive, physically 
demanding tasks that can contribute to musculoskeletal strain, particularly in the neck and shoulders. A 
key ergonomic challenge is the frequent need for operators to tilt their heads upward when working at 
high rack levels. To reduce strain and improve comfort, Toyota Material Handling introduced a tilting cabin 
design that allows operators to maintain a more natural posture at height. The effectiveness of such 
ergonomic innovations depends not only on physical benefits but also on operators’ acceptance of the 
technology. This study explored forklift operators’ experiences and perceptions of the tilting cabin 
function and examined its acceptance in terms of perceived usefulness and ease of use compared to non-
tilting reach trucks. Using a mixed-methods approach, data were collected from eleven operators through 
semi-structured interviews and questionnaires. Thematic analysis showed that neck and shoulder strain 
are common and that the tilting cabin is viewed as a major ergonomic improvement. Operators reported 
reduced discomfort, improved posture, and better visibility at height due to the shifted viewing angle. 
Quantitative results supported these findings: trucks with tilt were rated substantially higher in perceived 
usefulness and ease of use than those without the feature. Overall, the tilting cabin was experienced as 
both ergonomically beneficial and user-friendly. 

 

How a Multi-Agent Architecture aids Persona-based Usability Testing 

Joy GEUENICH, Frank JOUBLIN, Antonello CERAVOLA, Julian BORNEMEIER, Stefan BRANDENBURG, 
Jonathan DODGE 
TU Chemnitz, Germany 
 
Inclusive usability testing methods such as GenderMag aim to uncover gender-related usability issues by 
applying personas with distinct cognitive styles. While Large Language Models (LLMs) are increasingly 
used in usability engineering, their role in supporting inclusive, persona-based usability testing remains 
underexplored. In particular, traditional GenderMag workshops are resource-intensive and may be 
influenced by evaluators’ ability to consistently embody personas. Our study investigates how a multi-
agent LLM architecture can aid persona-based usability testing and discussion. We embed GenderMag 
persona facets into three LLM-based agents and evaluate their contribution across two contexts: 
identifying usability problems and discussing design solutions. The agents analyse four web interfaces 
and engage in persona-based discussions, which we compare to three human-led GenderMag workshops 
involving nine participants. Quantitative and qualitative analyses examine overlap in identified usability 
issues, severity and relevance ratings, persona fidelity, depth of argumentation, interaction dynamics, and 
feasibility of proposed solutions. Results show that human and LLM identified distinct gender-related 
problems. Agents apply persona characteristics consistently but produce less elaborated arguments and 
different interaction dynamics than humans. We conclude that multi-agent LLM systems can aid persona-
based usability testing by expanding evaluation coverage and supporting workshop processes, while 
complementing rather than replacing human expertise. 
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Analysing Preconditions in a Runway Excursion Using HFACS 

Mustafa Kurtuluş BEDI, Türker ÖZKAN 
Middle East Technical University, Turkey 
 
Civil aviation incidents rarely result from a single error; rather, they emerge from complex interactions 
between human, environmental, and organizational factors. This poster examines the Pegasus Airlines 
Flight 8622 runway excursion (Trabzon, 2018) through an ergonomics-oriented human factors lens using 
the Human Factors Analysis and Classification System (HFACS), grounded in James Reason’s theory of 
human error (Reason, 1990; Shappell & Wiegmann, 2000). A systematic document analysis was conducted 
based on official investigation reports, secondary analyses, and available operational information. 
Contributing factors were coded across all HFACS levels, with particular emphasis on the preconditions 
for unsafe acts. The analysis revealed that adverse mental states, task demands during landing, and 
environmental conditions played a critical role in shaping crew performance, while higher-level 
supervisory and organizational influences indirectly contributed to the emergence of unsafe conditions. 
By selectively mapping only the HFACS categories identified as relevant to the incident, the poster 
illustrates how ergonomics-related mismatches accumulate and propagate through the system, 
ultimately affecting frontline performance. The findings highlight the value of HFACS as an ergonomics-
informed analytical tool for understanding aviation incidents and underscore the importance of 
addressing human–system interactions, workload management, and organizational culture in accident 
analysis and prevention (Wiegmann & Shappell, 2001). 

 

Advancing Human-Centred Teleoperation for Tram-Trains: A Research Roadmap 

Alexandra NICK, Barbara DEML 
KIT - IFAB, Germany 
 
Increasing automation in public transportation raises fundamental questions about how to ensure safe, 
scalable, and socially acceptable solutions. Teleoperation is discussed as a component of future 
operational concepts for rail-based transport, where remote support could mitigate staff shortages and 
provide an efficient fall-back option. Nevertheless, existing knowledge is fragmented because 
teleoperation is conceptualized differently across application domains. In robotics, it primarily refers to 
manual control from distant locations or with line-of-sight, whereas research on automated road vehicles 
distinguishes between remote driving, assistance, and monitoring. These differences highlight 
heterogeneous terminology, system requirements, and workplace and operator demands. This 
contribution integrates relevant perspectives from recent systematic reviews, project experiences, and a 
framework that views remote operators in a socio-technical system to identify central human factors 
challenges for tram-train teleoperation. These challenges include varying workload, the formation and 
maintenance of correct mental models, decision-making under uncertainty, and the effects of context 
switching on information processing. Building on these foundations, a research roadmap is outlined to 
develop a human-centred teleoperation concept for tram-train systems within a prospective large-scale 
initiative. The aim is to advance teleoperation in rail-bound mobility and to provide a structured basis for 
future experimental studies. 
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Operator Responses to Automation Failures: An Empirical Study Using HSMR 

Cenyichao (Charlie) SUN, Greg A. JAMIESON 
University of Toronto, Canada 
 
Growing electricity demand driven by data centres and artificial intelligence is increasing pressure to 
expand low-carbon generation capacity using new technologies, such as Small Modular Reactors (SMRs). 
While SMRs offer improved operation efficiency by incorporating advanced automation, they also 
introduce new human factors challenges. However, limited research has examined how operators 
respond to different types of automation failures in SMR control rooms. The objective of this study is to 
understand operator responses to automation failures and how these failures influence performance in 
SMR operations. The Halden SMR (HSMR), a state-of-the-art reactor simulator, is used to replicate diverse 
automation-failure scenarios with process operations technologists as participants for higher ecological 
validity. Operator performance is evaluated using a within-subject design with three scenarios: a baseline 
without automation failure, an elementary automation failure, and a systematic automation failure. Data 
collection includes situational awareness, cognitive workload and response accuracy, which are used to 
investigate failure detection, diagnostic accuracy, and decision-making processes. We expect to observe 
greater performance decrements in Systematic Automation Failures compared to Elementary Automation 
Failures. The results from the study will be used to validate earlier work and generate new insights to 
understand operator detection and response to automation failures. 

 

Automation Failures in Small Modular Reactor Control Rooms: Effects of Distinct Decision-Aid 
Failure Mechanisms on Operator Performance 

Yaowei LIANG Greg A. JAMIESON 
Department of Mechanical & Industrial Engineering, University of Toronto 
 
Advanced automation enables decision aids to enhance the efficiency of Small Modular Reactor (SMR) 
operation by autonomously verifying system status and generating action recommendations for 
operators. However, new automation may introduce complex failure mechanisms that affect operator 
performance, and few studies have investigated multiple types of failure within a single automation 
system. This experimental study examines how different decision-aid failure mechanisms influence 
operator performance in SMR control. A within-subject design will be implemented in a microworld 
simulation. Twenty-four participants will complete three failure trials and one no-failure trial of start-up 
procedure tasks with the assistance of decision-aid functions. The three decision-aid failure conditions 
will be (1) malfunction—automation loses its functionality; (2) paradox—automation generates confusing 
recommendations; and (3) camouflage—automation generates incorrect recommendations but appears 
normal. Failures will occur intermittently to reduce predictability. Data collection will include task 
performance, eye-tracking measures, workload, and situation awareness. Repeated-measures ANOVA 
will evaluate the effect of different decision-aid failure mechanisms on operator performance. Findings 
are expected to improve understanding of automation failures and inform the development of diagnostic 
tools for process control. 
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When Everything Checks Out: How Systems Can Stabilise Wrong-Site Actions 

Chuen Jye YEOH  
Singapore General Hospital, Singapore 
 
A clinically inappropriate bilateral procedure was performed uneventfully in a high-volume outpatient 
setting, despite multiple downstream safety checks being completed as designed. A subsequent human 
factors consult involving workflow observation and interface review was conducted to understand how 
an action affecting the wrong treatment site passed verification steps without detection. The analysis 
showed that laterality was treated as an implicit contextual assumption rather than an explicit safety-
critical control variable. Responsibility for verifying the target site was distributed across roles and 
artefacts, relying on visual cues, routine expectations, and internal consistency of documentation. Once 
an incorrect laterality selection was made during order entry, digital systems automatically aligned orders, 
consent forms, and workflow, producing a coherent but incorrect action that appeared “safe” at each 
checkpoint — a form of error stabilisation rarely made visible in routine incident reviews. Interface 
inconsistency across treatment modes further contributed by shifting the spatial positioning of laterality 
options, priming a predictable selection error while remaining largely invisible to users. Notably, clinicians 
tended to attribute the error to individual inattention rather than to system design, delaying recognition of 
design-induced risk. This case illustrates how tacit assumptions, role ambiguity, and automation-
supported coherence can stabilise error rather than detect it. The findings highlight the importance of 
treating variables such as laterality as explicit control elements in workflow and interface design, and 
caution against redundant safety checks that draw from the same upstream data. These lessons are 
transferable to other safety-critical domains involving direction, location, or channel selection. 

 

Mobility Patterns Among Adolescents Driving A-Tractors in Sweden 

Kajsa WEIBULL, Helena SELANDER, Susanne WALLHAGEN 
VTI (Swedish National Road and Transport Research Institute), Sweden 
 
In Sweden, the AM driving license can be obtained from the age of 15 and permits driving a two-wheeled 
moped, moped cars and an A-tractor, which is a modified passenger car. In recent years, the number of 
adolescents obtaining an AM license has increased substantially, and the number of registered A-tractors 
has more than doubled over the past five years. Concurrently, the European Commission has proposed 
the introduction of a new B1 driving license category, which would allow member states to grant young 
drivers access to vehicles with maximum speeds of up to 45 km/h. This development highlights the need 
to better understand how early access to motorized vehicles affects adolescent mobility. This study 
examines the impact of holding an AM license on mobility habits among adolescents through a survey of 
15- and 16-year-olds, of whom approximately 50% drove an A-tractor. Results show that licensed 
adolescents used their vehicle on average 6–7 days per week. Following licensure, the use of bicycles 
and public transport decreased significantly. As mobility habits established during adolescence are likely 
to persist into adulthood, these findings underline the importance of considering long-term behavioural 
effects when evaluating the potential implementation of a B1 driving license within the European Union. 
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Every Breath You Take: The Role of Respiratory Rate and Other Psychophysiological Markers for 
Mental Workload Assessment 

Hanna SCHINDLER, Daniel SCHUHMANN, Linda ONNASCH 
Psychology of Action and Automation, TU Berlin, Germany 
 
In dynamic task environments, mental workload (MWL) can fluctuate along a continuum from underload 
to overload, depending on whether task demands fall below or exceed an operator’s attentional 
capacities. The present study aimed to identify psychophysiological markers derived from 
electrocardiography, respiration, and eye-tracking that are most sensitive to variations in MWL. In a 
preregistered laboratory experiment (N=42), an aviation-related multitasking scenario was used to 
manipulate task demands across three levels (low, medium, high; within-subjects). We assessed 
respiratory rate, heart rate and heart rate variability, and ocular metrics including pupil diameter, fixation 
duration, and blink rate. Performance measures and subjective workload served as a manipulation check. 
Multivariate analyses revealed a linear effect of task demands on psychophysiological responses that was 
primarily driven by linear increases of the respiratory rate, heart rate, and pupil diameter from low to 
medium and from medium to high task demands. Notably, respiratory rate stood out as an underestimated 
(and rarely used) yet sensitive marker of MWL that also showed linear increases between task demand 
conditions for almost each single participant. Given its low cost, ease of acquisition, and minimal 
intrusiveness, respiratory rate emerges as a promising psychophysiological marker of MWL in dynamic 
operational settings. 

 

Supporting Pedestrian Interaction with Highly Automated Vehicles in Multi-Vehicle Scenarios: 
Real-World Evidence from LED-Based eHMIs 

Marc WILBRINK, Thorben BRANDT, Nils WENDORFF, Thomas LOBIG, Michael OEHL 
German Aerospace Center / Institute of Transportation Systems, Germany 
 
Highly automated vehicles (HAVs) promise safer and more efficient road traffic but fundamentally alter 
pedestrian–vehicle interaction. In the absence of a human driver, traditional communication cues such as 
eye contact or gestures are missing, forcing pedestrians to rely on vehicle kinematics. At low speeds, these 
implicit cues can be ambiguous, particularly in complex scenarios involving multiple HAVs. Previous 
simulator studies indicate that external human–machine interfaces (eHMIs), such as LED-based light 
signals, may provide explicit information about vehicle intent and thereby support pedestrian-HAV 
interaction. The present study extends these findings to a real-world context by investigating the 
effectiveness of an LED-based eHMI in a test-track experiment. Fifty participants adopted a pedestrian 
perspective in a road-crossing scenario while two automated vehicles approached from opposite 
directions. eHMI (no eHMI vs. LED light band) and vehicle kinematics (left, right, both, or neither vehicle 
yielding) were systematically varied. Measures included crossing initiation time, perceived safety, and 
perceived eHMI support. Results show that the LED-based eHMI significantly reduced crossing initiation 
times and increased perceived safety and decision confidence. The findings demonstrate that explicit 
eHMI signals effectively complement vehicle kinematics in multi-vehicle interactions, supporting safer 
and understandable pedestrian–HAV communication in future automated traffic. 
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“Who will use new mobility solutions?” - Psychological and Socio-cultural factors in CCAM 
adoption 

Sarah STELTER, Sonja HAUSTEIN, Felix SIEBERT, Guido CANTELMO 
Technical University of Denmark (DTU), Denmark  
 
Cooperative, Connected and Autonomous Mobility (CCAM) promises to improve transport efficiency and 
sustainability, yet people’s intention to use these new forms of mobility remains unclear. This study 
focusses on how socio-cultural and psychological factors including perceived risk, affinity for technology, 
and trust in automation influence intended CCAM adoption throughout Europe. A cross-national study is 
carried out in six European countries utilising the Technology Acceptance Model and the Theory of 
Planned Behaviour. The survey will evaluate attitudes, behavioural intentions, and perceived factors that 
facilitate or hinder adoption. As socio-cultural context and country specific conditions may shape attitudes 
toward CCAM, the study employs a cross-national survey and incorporates indicators of socioeconomic 
background and prior experience with automated systems. We anticipate that aversion to technology and 
increased risk perception will decrease intention of using CCAM. Higher levels of trust and technological 
affinity will be linked to stronger intents to adopt CCAM. We expect socio-cultural and demographic 
characteristics to moderate these connections. The expected results will serve as support for human-
centred mobility policy and assist in the development of psychologically informed CCAM deployment 
methods. This study promotes more inclusive CCAM integration and enhances knowledge of how 
European citizens assess new mobility technologies by combining psychological and socio-cultural 
viewpoints. 

 

WhatsApp Diaries as a Mobile Ethnographic Method: Following Genetic Testing Decisions in 
Everyday Life 

Alina RÖRIG, Franziska GÜNTHER, Christine SCHMID, Markus FEUFEL 
Technische Universität Berlin, Germany 
 
Much qualitative research aimed at understanding medical decision-making processes, including work in 
human factors, relies on retrospective interviews. Such studies show how people describe sensitive health 
choices but offer only limited insight into how decision-making unfolds in everyday life . We explored what 
a WhatsApp-based mobile ethnographic approach may add above and beyond the standard method – 
retrospective interviews – to understand how people make sensitive health choices, in our case, about 
genetic testing for hereditary cancer risk. We conducted narrative interviews with 11 participants who also 
took part in our WhatsApp diary study, where they could share text and voice messages over several 
weeks in response to prompts about their thoughts, situations, and conversations relating to genetic risk. 
WhatsApp was chosen, because it served as both a familiar communication channel and a flexible data 
collection environment, which can easily be embedded in daily routines. WhatsApp diaries provided in-
the-moment access to evolving reasoning, family negotiations and situational triggers that remained 
implicit in interviews. At the same time, they produced fragmented, highly contextualized material, 
required intensive researcher presence and raised challenges around data security, emotional labour and 
the management of researcher-participant boundaries and expectations. We discuss implications for 
using messaging apps as ethnographic tools in human factors research on medical decision-making. 
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How to train your participants for a cycling simulator 

Arjan STUIVER, Dick DE WAARD 
University of Groningen, The Netherlands 
 
Cycling is a healthy, green and popular form of transportation in many countries. The high degree of 
complexity in traffic interactions that cyclists have can result in dangerous or difficult situations. A cycling 
simulator offers a controlled environment for studying this behaviour, but is in itself also a complex device. 
It is unclear which characteristics most determine the speed at which individuals become proficient in 
using the simulator. Learning complex skills, such as those required for a cycling simulator, requires the 
integration of motor, perceptual, and cognitive processes. Research on skill acquisition has shown that 
individuals differ in the speed at which they master new skills. These differences are often explained by 
neuropsychological characteristics, such as working memory, cognitive flexibility, and learning speed. This 
insight is crucial for designing effective training programs and ensuring equal starting levels in research. 
This research tries to answer the question how the speed of skill acquisition differs between individuals in 
a cycling simulator and how we can develop an objective measure of skill level so that all participants 
have the same starting level in research. 

 

Investigating Train Drivers’ Acceptance of Remote Train Operation Workplaces 

Gina SCHNÜCKER  
German Aerospace Center (DLR), Germany 
 
Increasing rail capacity is a key challenge for future transportation systems, and Grade of Automation 3 
(GoA3) is considered a promising solution. In GoA3, human control remains essential but is fundamentally 
transformed, shifting from on-site driving to remote train operation. As a consequence, train operators face 
substantial changes in tasks, roles, and job profiles. Identifying psychological factors associated with train 
drivers’ acceptance of GoA3 is therefore crucial. This study reports results from a 30-minute online 
vignette study in which 66 train drivers (3 female, 1 diverse) evaluated a future GoA3 workplace with regard 
to perceived ease of use, perceived usefulness, and behavioural intention to work under GoA3. 
Independent variables included drivers’ age, technology affinity, perceived likelihood of working under 
GoA3 in the future, and expected occupational satisfaction. Results show that age was not related to any 
acceptance facet, while technology affinity was only positively associated with perceived ease of use. In 
contrast, both the perceived likelihood of future GoA3 work and expected occupational satisfaction were 
positively related to acceptance. These findings underline the importance of job-related expectations for 
understanding acceptance of workplace technologies and provide implications for the human-centred 
design of future train driver workplaces. 
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Development of a simulation for researching the collaboration of a human and a synthetic team 
partner 

Wiebke MELCHER, Tobias MARRENBACH, Steffen HARTINGER, Sebastian GREINER, Jakob WITCZAK, Albert 
END 
German Aerospace Center (DLR), Germany 
 
Collaboration between humans and increasingly autonomous artificial systems ("synthetic team partners", 
STP), will pose new challenges for the design of interfaces and may demand both high cognitive 
performance and a high degree of acceptance from human operators, e.g. for efficient interaction with an 
STP. Highly automated systems offer a promising opportunity to adapt to the situational state and 
capabilities of a human operator, for instance by adjusting the allocation of functions. In order to study the 
interaction of two human team partners as compared to a human and a (presumably) STP, we currently 
develop a research platform that enables the simulation of a cognitively demanding task requiring the 
collaboration and communication of two team partners. To gain an insight into the human operator’s state, 
psychophysiological measures will be implemented (e.g. fNIRS, EEG, eye-tracking, heart rate, skin 
conductance). We will present the current version of our research platform and give an outlook on the 
upcoming study phase of our ongoing research project. Specific aspects we aim to investigate are the 
detection of critical states within the human team partner and their influence on team performance as 
well as the acceptance of the collaboration with a (simulated) STP. 

 

Sociotechnical Approaches to AI-Based Onboarding: Promoting Inclusive Labour Market 
Participation in Mixed-Ability Teams 

Jana-Sophie EFFERT, Barbarella PETZ, Frauke MÖRIKE 
TU Dortmund University, Germany 
 
Labour market participation of people with disabilities (PwD) remains significantly below that of non-
disabled individuals, despite legal frameworks promoting equal employment opportunities. Inclusive 
onboarding processes represent a critical entry point for improving accessibility and long-term integration 
in organisational settings. The interdisciplinary project „KI-InnOMATiV – AI for Inclusive Onboarding in 
Mixed-Ability Teams in Public Administration” investigates how adaptive, AI-supported systems can 
enhance inclusion and collaboration during onboarding in public sector workplaces. From a sociotechnical 
perspective, the project examines work environments involving PwD to design onboarding as a user-
centred process addressing both individual needs and team-level dynamics within mixed-ability 
constellations. The envisaged prototype provides personalised guidance by recognising learning 
preferences, offering accessible information channels, and supporting social interaction among new 
employees and their teams. Both groups are equally and responsibly considered as intended users, 
emphasizing shared responsibility for creating accessible mixed-ability team structures. Applying 
participatory design principles, usability testing, and iterative refinement ensures that accessibility 
requirements are embedded throughout development. By integrating human factors methodologies with 
assistive technologies, KI-InnOMATiV contributes to understanding how inclusive digital tools can foster 
resilience, efficiency, and social equity in future work systems. The project is funded by the European 
Union and the State of North Rhine-Westphalia. 
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Driver Assistance Systems as Safety Strategies in Older Drivers 

Melanie KARTHAUS, Edmund WASCHER, Stephan GETZMANN 
Leibniz Research Centre for Working Environment and Human Factors (IfADo), Germany 
 
Driver assistance systems (DAS) are designed to enhance driving safety, particularly for individuals with 
sensory, motor, or cognitive impairments. However, their effectiveness largely depends on users' 
willingness to adopt these technologies. To explore this, 483 drivers aged 66-78 were surveyed. The 
results revealed that most respondents either currently use DAS or express a desire to do so. Willingness 
to adopt DAS was positively correlated with annual mileage and net household income, while those who 
had been involved in an accident in the last three years showed increased openness to these systems. 
Notably, individuals highly willing to use DAS tended to react more slowly in reaction tests (TMT), reported 
higher safety-consciousness, and felt less confident in certain driving situations. These drivers also 
exhibited more extraversion, active driving styles, and good situational awareness. Those already using 
multiple DAS rated their vision as poorer but demonstrated higher conscientiousness and confidence in 
handling driving challenges. They also drove less defensively and had a more positive self-image as 
drivers. Overall, both willingness and actual use of DAS seem to serve as compensation strategies for 
weaknesses, at least subjectively. Future research is needed to determine whether these perceived 
improvements translate into real-world driving performance. 

 

Autonomy and Workload Effects on Remote Supervision Performance 

Vanishree SHIVANI, Magnus LIEBHERR 
University of Duisburg-Essen, Germany 
 
The increasing deployment of autonomous systems in public environments has transformed operator 
roles from direct manual control to remote supervision, raising concerns about the cognitive demands of 
monitoring highly automated systems. In such contexts, attentional processes and mental workload are 
critical for maintaining situational awareness. However, reduced operator involvement may foster 
overreliance on automation, diminished attentional engagement and degraded situational awareness, 
while paradoxically increasing subjective mental workload. These challenges highlight the need to better 
understand how attentional capacity, situational awareness, workload interact in remote supervision 
contexts, particularly for the design of workload-sensitive human-automation interfaces. This study 
investigates how attentional orienting, situational awareness, and mental workload vary across scenarios 
with different levels of autonomy. Thirty-three participants completed a computer-based attentional 
orienting task and three automation scenarios while situational awareness and mental workload were 
assessed. Results showed that individual differences in attentional orienting did not significantly predict 
situational awareness. In contrast, mental workload varied significantly across scenarios, with lower levels 
of automation eliciting higher workload. Moreover, scenario-induced mental workload was primarily 
associated with situational awareness, underscoring the importance of workload-sensitive interface and 
system design in human-automation interaction. 
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See-Through the Hype: Cognitive Performance, Usability and Vision Effects across Smart Glasses 

Felix DREGER  
Leibniz Research Centre for working Environment and Human Factors, Ergonomics, Germany 
 
Smart glasses are increasingly deployed in industrial settings for hands-free information presentation and 
foreseen as future AI interactive devices. Yet little is known about cognitive performance during use. 
Optical characteristics such as field of view and particularly the vergence-accommodation conflict, 
contribute to visual fatigue and may therefore also affect cognitive performance. This study investigated 
whether smart glasses use causes cognitive performance and explored effects on vision and usability. 
Twenty-five participants completed four consecutive blocks of visual tasks (Visual Search and Line 
Judgement) using two commercial smart glasses that varied in display resolution and field of view: Vuzix 
Blade and M400. Reaction time and accuracy were measured across 30-trial blocks. Vision was measured 
pre and post use and subjective usability (SUS) assessed afterward. Results showed significant learning 
effects but no fatigue-related decline. Reaction times increased while accuracy remained consistently 
high. The Vuzix Blade outperformed the M400, with notably higher accuracy in Line Judgement, despite 
its lower resolution display. Different vision metrics correlated with task performance. Interestingly, 
usability ratings contradicted performance findings, with the M400 receiving higher SUS scores. Findings 
suggest that see-through visual information presentation outweighs display resolution in demanding 
settings, while subjective experience appears primarily driven by perceived display quality. 

 

Context Matters: Understanding User Experience Through Situated Methods in Sociotechnical 
Systems 

Johanna PENNER, Anna-Lisa OSVALDER, Melina MAKRIS, Mikael JOHANSSON, Sofia SAMUELSSON, Signe 
SVENSSON, Elin STARK, Jonas BORELL 
Mechanical Engineering, Chalmers University of Technology, Sweden 
 
Understanding user experience in complex sociotechnical systems may require studying work in its 
natural context, where artefacts, technologies and organizational practices interact. This is often 
challenging, and traditional verbal accounts in neutral settings risk missing critical details. The purpose of 
this study is to examine how situated methods such as observations, contextual interviews and 
demonstrations reveal semi-tacit knowledge and procedural expertise that might remain hidden in 
controlled environments. Findings show that contextual presence enriches data by uncovering informal 
practices, workarounds and safety concerns that would otherwise stay invisible. Mediating objects, such 
as physical and digital tools, trigger memory and support communication when participants point or 
demonstrate sequential tasks. Dynamic features like interruptions, multitasking and environmental 
constraints become evident, offering deeper insights into decision-making and user experience. Examples 
are drawn from control room operations, ambulance and car travel, construction sites, urban 
environments, and crisis preparedness exercises. While these approaches provide richer understanding, 
they also introduce variability and ethical challenges, requiring adaptive strategies regarding intrusiveness 
and question framing. The study highlights what is lost when context is absent and why considering the 
full sociotechnical environment is essential for designing safety, usability and resilience. 
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Examining Affordances for Information Integration Strategies in AI-Guided Decision Making 

Anton DE VRIES, Michelle WRAGE, Thomas FRANKE, Tim SCHRILLS 
University of Luebeck, Germany 
 
In HAII, enabling appropriate reliance on artificial intelligence (AI) remains challenging. Specifically, when 
users are faced with recommendations from an AI-based decision support system (DSS), they often 
struggle to effectively integrate these recommendations into their own decision-making, or in other words, 
to apply accurate information integration strategies (IIS), potentially leading to inappropriate reliance. A 
fundamental question for DSS design is therefore whether user interface affordances can support users 
to choose more accurate IIS. To this end, we conducted a between subjects online experiment (N = 85) in 
which participants interacted with three different DSS. Each system displayed affordances aligned with 
one of three key IIS within an AI-assisted binary decision task. We assessed whether affordances resulted 
in more participants following a corresponding strategy, appropriate AI- and self-reliance, and automation 
related user experience variables (satisfaction of basic psychological needs, perceived trustworthiness, 
and perceived usefulness). Our results suggest that the presented designs helped users effectively apply 
IIS, resulting in improved AI-reliance with no negative effects on user experience variables. We highlight 
the positive impact of interface affordances on the use of effective IIS and call for future DSS developers 
to design affordances in applied real world contexts. 

 

From Values to Behaviour: Understanding Vulnerable Road Users 

Josephine HALAMA, Beatrice SCHMIEDER, Stefan BRANDENBURG 
Chemnitz University of Technology, Germany 
 
Vulnerable road users (VRU), such as pedestrians and cyclists, face high traffic risks. Highly automated 
vehicles (AV) may improve their safety by reducing human error, but this requires predicting and 
understanding VRU decisions. Previous research has identified various environmental predictors (e.g., 
time-to-collision) and internal predictors (e.g., perceived safety, trust). However, these factors only partly 
explain how VRU make decisions. Value Sensitive Design (VSD) offers a broader perspective to address 
this gap. Nevertheless, studies applying VSD in automated driving remain mostly theoretical, leaving 
unclear whether values can meaningfully predict behaviour. Therefore, we conducted a Wizard-of-Oz 
field experiment where VRU (n = 28 pedestrians; n = 29 cyclists) encountered an oncoming vehicle in a 
bottleneck scenario. Human values were assessed using qualitative and quantitative methods. 
Participants in both groups rated several values (e.g., comprehensibility, legal compliance, self-efficacy, 
relaxedness) as highly relevant. However, generalized linear mixed models showed that only values 
related to a relaxed interaction predicted pedestrian behaviour. The findings suggest that although many 
values may be relevant in principle, only a subset becomes behaviourally activated during real-world 
encounters. Based on this, the Value Activation and Interaction Framework (VAIF) was developed, which 
may help support the prediction and understanding of VRU decisions. 
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Paving the Way to Human-Centred Intelligent Automation for SMEs - A Transdisciplinary Approach 

Isabel KREIßIG, Sebastian WINKLER, Ralph RIEDEL, Torsten MERKEL, Claudia LEHMANN, Gerry 
HALLBAUER, Marko PFEIFER, Marcel TODTERMUSCHKE 
Fraunhofer Institute for Machine Tools and Forming Technology, Germany 
 
Introducing intelligent technology like AI-based robotics holds great potential for industrial production, 
such as optimized processes or reduction of operator’s workload. However, for SMEs, barriers like high 
investment costs or lack of skilled personnel are particularly relevant. In this contribution, we present a 
transdisciplinary, human-centred approach aiming to identify potential for intelligent automation meeting 
these challenges. Therefore, bundling requirements of different SMEs leading to more general (compared 
to highly specific) solutions for industrial sectors and thus reducing risks. Following the human-centred 
design, the approach involves contextual and requirement analysis as well as participative elements to 
enhance acceptance and usability of later solutions. Additionally integrating technological and economic 
aspects ensures the viability of the derived automation potential in this regard. The current contribution (1) 
introduces a transdisciplinary, human-centred methodology for the identification of automation potential 
in the context of SMEs from the very beginning. We furthermore (2) present results of two conducted focus 
groups representing the initial stage of the approach. Therefore, we exemplary investigated SMEs from 
the bakery and metal industries identifying suitable use cases as well as needs, potential barriers, and 
enablers of the respective industrial sector as a first step towards a compatible and human-friendly 
introduction of automation. 

 

The Role of User Dispositions and Situational Anxiety in Trust Repair after Robot Errors 

Tim NIEWALDA, Johannes KRAUS, Christoph VON CASTELL 
Johannes Gutenberg University Mainz, Germany 
 
Appropriately calibrated trust is essential for the safe and effective use of robots in safety-critical domains. 
Trust repair strategies, such as post-hoc-explanations or apologies, have been shown to mitigate trust 
decrease after robot errors. However, despite robust evidence that anxiety negatively affects trust in 
human-robot interaction, the role of anxiety for trust repair is not understood yet. The present study 
addresses this gap by examining how user dispositions and dynamic situational anxiety jointly influence 
trust calibration and repair following robotic errors over time. Building on the paradigm by Kraus et al. 
(2023), we employ a fully-crossed within-subjects design in which participants interact with a robotic 
gripper in a simulated medication-sorting task. In this safety-relevant scenario, the robot occasionally 
commits sorting errors followed by one of four repair strategy conditions: baseline error notification, 
apology-only, anthropomorphic explanation, or technological explanation. Across repeated interactions, 
we assess state anxiety and trust after each trial. In addition, we assess individual dispositions including 
Big Five, need for cognition, need for closure, tendency to anthropomorphise, trait anxiety, and technology 
affinity. We hypothesise that repair strategies reduce anxiety and increase trust relative to the baseline 
error notification, with their effectiveness being moderated by user dispositions. 

 


