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HUMAN FACTORS PRIZE WINNER AND FINALISTS 

Dietrich Manzey, Maria Luz, Stefan Mueller, Andreas Dietz, Juergen 
Meixensberger, Gero Strauss. Automation in Surgery : The Impact of 

Navigated-Control Assistance on Performance, Workload, Situation 
Awareness, and Acquisition of Surgical Skills. S. 584-599. 

Objective: Human performance consequences of a new technology of image-guided 

navigation (IGN) support for surgeons are investigated. Background: Navigated control 

(NC) represents an advancement of IGN technology. In contrast to currently available 

pointer-based systems, it represents a higher degree of automation that supports 

processes not only of information analysis and integration but also of intraoperative 

decision making. Method: In the first experiment, 14 surgical novices performed a 

simulated mastoidectomy with and without NC support. Effects of provision of the system 

were analyzed with respect to different measures of surgical performance and outcome, 

workload, and situation awareness. In the second experiment, 21 advanced medical 

students were trained to perform a mastoidectomy by practicing it either with or without 

NC support. It was investigated to what extent the provision of the system during 

practice would affect the acquisition of surgical skills. Results: The results reveal that NC 

support can reduce both the risk of intraoperative injuries and complications as well as 

the physiological effort of surgeons. “Cost effects” compared to a conventional (i.e., not 

supported) surgery emerged with respect to the time needed for the surgery, increased 

subjective workload, reduced spare capacity, and a reduced level of situation awareness. 

However, no significant effects on processes of skill acquisition were found. Conclusion: 
NC systems can contribute to improved patient safety. Most of the cost effects seem to 

be related not to the basic principle of NC but to its current technological implementation. 

Application: The results have consequences for the design and clinical use of automated 

navigation support.  

� Keywords: image-guided navigation, human–automation interaction, health care 

ergonomics 

Thomas K. Ferris, Nadine Sarter. Continuously Informing Vibrotactile 
Displays in Support of Attention Management and Multitasking in 

Anesthesiology. S. 600-611. 

Objective: A novel vibrotactile display type was investigated to determine the potential 

benefits for supporting the attention and task management of anesthesiologists. 

Background: Recent research has shown physiological monitoring and multitasking 

performance can benefit from displaying patient data via alarm-like tactile notifications 



and via continuously informing auditory displays (e.g., sonifications). The current study 

investigated a novel combination of these two approaches: continuously informing tactile 

displays. Method: A tactile alarm and two continuously informing tactile display designs 

were evaluated in an anesthesia induction simulation with anesthesiologists as 

participants. Several performance measures were collected for two tasks: physiological 

monitoring and anesthesia induction. A multi-task performance score equivalently 

weighted components from each task, normalized across experimental scenarios. 

Subjective rankings of the displays were also collected. Results: Compared to the 

baseline (visual and auditory only) display configuration, each tactile display significantly 

improved performance in several objective measures, including multitask performance 

score. The continuously informing display that encoded the severity of patient health into 

the salience of its signals supported significantly better performance than the other two 

tactile displays. Contrasting the objective results, participants subjectively ranked the 

tactile alarm display highest. Conclusion: Continuously informing tactile displays with 

alarm-like properties (e.g., salience mapping) can better support anesthesiologists’ 

physiological monitoring and multitasking performance under the high task demands of 

anesthesia induction. Adaptive display mechanisms may improve user acceptance. 

Application: This study can inform display design to support multitasking performance 

of anesthesiologists in the clinical setting and other supervisory control operators in work 

domains characterized by high demands for visual and auditory resources. 

� Keywords: multimodal information processing, tactile information processing, 

tactile displays, physiological monitoring, alarm problem, sonification, task 

management, simulation 

Sheena Joanne Johnson, Sara M. Guediri, Caroline Kilkenny, Peter J. 
Clough. Development and Validation of a Virtual Reality Simulator : 

Human Factors Input to Interventional Radiology Training. S. 621-625. 

Objective: This study developed and validated a virtual reality (VR) simulator for use by 

interventional radiologists. Background: Research in the area of skill acquisition reports 

practice as essential to become a task expert. Studies on simulation show skills learned 

in VR can be successfully transferred to a real-world task. Recently, with improvements 

in technology, VR simulators have been developed to allow complex medical procedures 

to be practiced without risking the patient. Method: Three studies are reported. In Study 

1, 35 consultant interventional radiologists took part in a cognitive task analysis to 

empirically establish the key competencies of the Seldinger procedure. In Study 2, 62 

participants performed one simulated procedure, and their performance was compared 

by expertise. In Study 3, the transferability of simulator training to a real-world 

procedure was assessed with 14 trainees. Results: Study 1 produced 23 key 

competencies that were implemented as performance measures in the simulator. Study 2 

showed the simulator had both face and construct validity, although some issues were 

identified. Study 3 showed the group that had undergone simulator training received 

significantly higher mean performance ratings on a subsequent patient procedure. 

Conclusion: The findings of this study support the centrality of validation in the 

successful design of simulators and show the utility of simulators as a training device. 

Application: The studies show the key elements of a validation program for a simulator. 

In addition to task analysis and face and construct validities, the authors highlight the 

importance of transfer of training in validation studies.  

� Keywords: interventional radiology, simulation, virtual reality, training, validation 

Justin B. Rousek, M. Susan Hallbeck. Improving Medication Management 
Through the Redesign of the Hospital Code Cart Medication Drawer. S. 
626-636. 



Objective: This study utilized usability testing and human factors engineering (HFE) 

principles to create efficient code cart medication drawer modifications to improve code 

blue medical emergency (code) medication management. Background: Effective access 

to medications during a code is a key component in delivering optimal care and has been 

found to be a major problem among health care organizations; however, little research 

has been conducted to improve the efficiency of medication management during a code. 

Method: A total of 26 health care professionals (13 pharmacists and 13 nurses) were 

asked to locate items within a code cart medication drawer during two independent 

simulated code scenarios alternately using either a baseline medication drawer (control; 

Drawer 1) or a prototype medication drawer (prototype; Drawer 2), which was developed 

using HFE principles and usability testing. Overall medication retrieval time, wasteful 

actions, and survey responses were recorded. Results: Drawer 2 had significantly faster 

trial completion times (p = .005) and fewer wasteful actions (p < .001) compared to 

Drawer 1. Participant survey results rated Drawer 2 (prototype) significantly higher 

(more favorable) for medication drawer visibility (p < .001), usability (p = .011), and 

organization (p < .001) compared to Drawer 1 (baseline). Conclusion: The HFE redesign 

concepts incorporated into Drawer 2 (consisting of visibility, grouping, and organization) 

produced successful, low-cost, and generalizable modifications that can improve patient 

care. Application: The findings demonstrate that HFE and usability applied to code cart 

design are effective, are customizable, and can affect patient safety by saving valuable 

time and reducing wasted motions (including errors) during code situations.  

� Keywords: health care, code cart, medical emergency, usability, human factors 

engineering 

Tamera R. Schneider, Markus A. Feufel, Hans J. Berkel. Promoting 
Colorectal Cancer Screening in Public Health Outreach Campaigns. S. 
637-646. 

Objective: Research on public outreach campaigns is presented. Background: One 

study examines the effects of instruction design on adherence to cancer self-screening 

instructions. A second study examines the effect of persuasive announcements on 

increasing screening campaign participation. Method: The first study examined 

adherence to screening (operationalized as returning results for evaluation) given 

standard instructions, or one of three other versions: persuasive, human factored, or a 

combination of the two. The second study investigated combining persuasion with a 

campaign announcement to increase participation (operationalized as picking up a test 

kit). Results: The first study found that among first-time participants, the persuasive 

and human-factored instructions evoked higher result return rates than did the standard. 

The second study found that participation was significantly increased by adding 

persuasion to the campaign announcement. Conclusion: Enhancing motivation and 

reducing cognitive barriers increase adherence to test instructions and increase 

participation. Application: These are simple, cost-effective strategies that increase 

adherence to cancer screening in public outreach campaigns, which may reduce cancer-

specific mortality.  

� Keywords: cancer, human factors, colorectal cancer screening, prevention, 

health 

AEROSPACE SYSTEMS 

Brigitte Lapeyre, Sylvain Hourlier, Xavier Servantie, Bernard N’Kaoua, 
Hélène Sauzéon. Using the Landmark–Route–Survey Framework to 
Evaluate Spatial Knowledge Obtained From Synthetic Vision Systems. S. 
647-661. 



Objective: Using the landmark–route–survey frame-work, this research investigated the 

effect of synthetic vision systems (SVS) in either low or high visibility conditions on 

performance in wayfinding and spatial-knowledge-based tasks that probed spatial 

awareness. Background: SVS are cockpit displays that depict computer-generated views 

of the terrain surrounding an aircraft and have been developed to support flight efficiency 

through improved spatial awareness. No studies have directly measured SVS impact on 

the three levels of spatial knowledge (landmark, route, and survey). Method: A total of 

55 nonpilots learned a route in four different experimental conditions (high or low 

visibility, either with or without SVS). Subsequently, they underwent four recall tasks: 

wayfinding, scene recognition, scene classification, and sketch map. Six dependent 

measures were used to probe the three levels of spatial knowledge (selection errors, 

sorting errors, number of landmarks depicted, bidimensional regression) and their use in 

the wayfinding task (direction errors, designated landmark errors, and wayfinding 

verbalized hesitations). Results: SVS produced higher performance in all four tasks. The 

low visibility condition lowered the wayfinding and scene-recognition performance. 

Conclusion: The overall results indicated that visibility mostly affected the first level of 

spatial knowledge (landmark) inducing a decreased wayfinding performance, whereas the 

use of SVS influenced the three levels of spatial knowledge (route and survey) inducing 

an increased wayfinding performance. Application: Potential applications of this work 

include spatial knowledge-based measures to evaluate SVS prototypes as well as to 

assess the relationship between spatial knowledge and spatial awareness. 

� Keywords: spatial representation, recall tasks, wayfinding task, spatial 

awareness 

ATTENTIONAL PROCESSES 

Shayne Loft, Dannielle Finnerty, Roger W. Remington. Using Spatial 

Context to Support Prospective Memory in Simulated Air Traffic Control. 
S. 662-671. 

Objective: The aim was to examine whether prospective memory error and response 

costs to ongoing tasks in an air traffic control simulation could be reduced by providing 

spatial context. Background: Prospective memory refers to remem-bering to perform an 

intended action at an appropriate point in the future. Failures of prospective memory can 

occur in air traffic control. Method: For this study, three conditions of participants 

performed an air traffic control task that required them to accept and hand off aircraft 

and to prevent conflicts. The prospective memory task required participants to remember 

to press an alternative key rather than the routine key when accepting target aircraft. A 

red line separated the display into upper and lower regions. Participants in the context 

condition were told that the prospective memory instruction would apply only to aircraft 

approaching from one region (upper or lower). Those in the standard condition were not 

provided this information. In the control condition, participants did not have to perform 

the prospective memory task. Results: In the context condition, participants made fewer 

prospective memory errors than did those in the standard condition and made faster 

acceptance decisions for aircraft approaching from irrelevant compared with relevant 

regions. Costs to hand-off decision time were also reduced in the context condition. 

Spatial context provided no benefit to conflict detection. Conclusion: Participants could 

partially localize their allocation of attentional resources to the prospective memory task 

to relevant display regions. Application: The findings are potentially applicable to air 

traffic control, whereby regularities in airspace structure and standard traffic flows allow 

controllers to anticipate the location of specific air traffic events.  

� Keywords: task interference, multitasking workload, memory, attention, time 

sharing 



Sara E. McBride, Wendy A. Rogers, Arthur D. Fisk. Understanding the 

Effect of Workload on Automation Use for Younger and Older Adults. S. 
672-686. 

Objective: This study examined how individuals, younger and older, interacted with an 

imperfect automated system. The impact of workload on performance and automation 

use was also investigated. Background: Automation is used in situations characterized 

by varying levels of workload. As automated systems spread to domains such as 

transportation and the home, a diverse population of users will interact with automation. 

Research is needed to understand how different segments of the population use 

automation. Method: Workload was systematically manipulated to create three levels 

(low, moderate, high) in a dual-task scenario in which participants interacted with a 70% 

reliable automated aid. Two experiments were conducted to assess automation use for 

younger and older adults. Results: Both younger and older adults relied on the 

automation more than they complied with it. Among younger adults, high workload led to 

poorer performance and higher compliance, even when that compliance was detrimental. 

Older adults’ performance was negatively affected by workload, but their compliance and 

reliance were unaffected. Conclusion: Younger and older adults were both able to use 

and double-check an imperfect automated system. Workload affected how younger 

adults complied with automation, particularly with regard to detecting automation false 

alarms. Older adults tended to comply and rely at fairly high rates overall, and this did 

not change with increased workload. Application: Training programs for imperfect 

automated systems should vary workload and provide feedback about error types, and 

strategies for identifying errors. The ability to identify automation errors varies across 

individuals, thereby necessitating training. 

� Keywords: automation, compliance, reliance, age, workload, error 

Christophe Mundutéguy, Isabelle Ragot-Court. A Contribution to 
Situation Awareness Analysis : Understanding How Mismatched 

Expectations Affect Road Safety. S. 687-702. 

Objective: The aim of the study was to clarify how knowledge elaborated by specific 

experience may lead to erroneous expectations during interactions between drivers and 

riders. Background: Situation awareness is partly determined by prior knowledge. 

Unshared knowledge may cause difficulties in managing driving interactions, but there is 

still an important gap in the literature devoted to this field of research. Method: There 

were 226 participants, distinguished according to their vehicle use (for drivers, type of 

vehicle driven and whether they were exclusive or dual drivers; for motorcycle and 

scooter riders, the type of powered two-wheeler [PTW] used and its engine size) and 

their driving experience. Focusing on the most vulnerable users, we studied prior 

representations to interactions using a series of closed questions on drivers’ performance 

relating to different stages of the interaction process from the perspective both of drivers’ 

self-reflection and of riders’ expectations. Results: Although most drivers are self-

confident, their abilities tend to be questioned by riders. Owners of medium or large 

motorbikes feel that drivers do not assess their approach speed accurately. Similarly, 

scooter riders doubt drivers’ ability to assess the distance that separates them from 

PTWs. Riders who use medium or large motorbikes are more likely to question drivers’ 

skills in relation to crossing situations. Scooter riders do so more often for overtaking 

situations. Conclusion: The development of shared prior knowledge is essential to 

prevent accidents and incidents between drivers and riders. Application: To help 

improve effectiveness, we re-commend specific ways of embedding each type of road 

user profile in training, prevention, and research.  

� Keywords: interaction, representation, exclusive driving, dual driving, attributed 

performance, motorcyclists, scooter riders, drivers 



Alberto Valero-Gomez, Paloma de la Puente, Miguel Hernando. Impact of 

Two Adjustable-Autonomy Models on the Scalability of Single-
Human/Multiple-Robot Teams for Exploration Missions. S. 703-716. 

Objective: The aim of this study was to evaluate two models for adjusting autonomy in 

mobile robots to find out the best way for the operator to interact with the system with 

as many robots as possible. The first model is the most used in mobile robots; the 

second proposes a flexible autonomy management. Background: There are different 

ways of adjusting the autonomy level in man-machine systems: adjustable autonomy, in 

which the operator has the initiative over the autonomy level; adaptive autonomy, in 

which the autonomy level is adjusted depending on the task and context; and mixed 

initiatives. One of the drawbacks of using adjustable autonomy is that it is claimed not to 

be flexible enough, resulting in a high operator workload. We propose and evaluate a 

flexible adjustable autonomy model for robot-team supervision. Method: Two 

experiments were designed to test the scalability and performance of the man-machine 

system with two alternative configurations for the autonomy management. The 

independent variable is the number of robots, and the measured variable is the man-

machine system performance. The experiments are between subjects. We have used 

ANOVA and Bonferroni post hoc analysis for analyzing the results. Results: On the basis 

of these analyses, we conclude that a flexible adjustable autonomy model results in 

better performance than the classic, rigid one, in which the operator directly chooses the 

autonomy level. Conclusion: Flexible autonomy adjustment permits one operator to 

control a team of robots with better results in terms of performance and robot use, as he 

or she can directly act at the error level, leaving the responsibility of readjusting and 

resuming the task to the system and hence reducing the operator’s workload. 

Application: The results can be applied to exploration robotics, mainly, in which one 

operator controls a team of robots. In general, these principles can be extended to other 

single-man/multiple-machine systems. 

� Keywords: adjustable autonomy, man-machine system, performance, single-

human/multirobot exploration, interfaces 

AUTOMATION, EXPERT SYSTEMS 

Juliane Reichenbach, Linda Onnasch, Dietrich Manzey. Human 

Performance Consequences of Automated Decision Aids in States of 
Sleep Loss. S. 717-728. 

Objective: The authors investigated how human performance consequences of 

automated decision aids are affected by the degree of automation and the operator’s 

functional state. Background: As research has shown, decision aids may not only 

improve performance but also lead to new sorts of risks. Whereas knowledge exists 

about the impact of system characteristics (e.g., reliability) on human performance, little 

is known about how these performance consequences are moderated by the functional 

state of operators. Method: Participants performed a simulated supervisory process 

control task with one of two decision aids providing support for fault identification and 

management. One session took place during the day, and another one took place during 

the night after a prolonged waking phase of more than 20 hr. Results: Results showed 

that decision aids can support humans effectively in maintaining high levels of 

performance, even in states of sleep loss, with more highly automated aids being more 

effective than less automated ones. Furthermore, participants suffering from sleep loss 

were found to be more careful in interaction with the aids, that is, less prone to effects of 

complacency and automation bias. However, cost effects arose that included a decline in 

secondary-task performance and an increased risk of return-to-manual performance 

decrements. Conclusion: Automation support can help protect performance after a 

period of extended wakefulness. In addition, operators suffering from sleep loss seem to 



compensate for their impaired functional state by reallocating resources and showing a 

more attentive behavior toward possible automation failures. Application: Results of this 

research can inform the design of automation, especially decision aids. 

� Keywords: human-automation interaction, automation bias, complacency, sleep 

loss 

BIOMECHANICS, ANTHROPOMETRY, WORK PHYSIOLOGY 

Daniel D. Johnson, Anne E. Kirkpatrick, James A. Ashton-Miller, Albert J. 
Shih. Effect of Lead Use on Back and Shoulder Postural Muscle Activity in 
Healthy Young Adults. S. 729-739. 

Objective: The primary goal of this study was to test the hypothesis that wearing the 

3.7 kg vest portion of a radiological shielding garment (a “lead”) significantly increases 

lower back and shoulder muscle activity in quasistatic erect and forward-flexed postures. 

Secondarily, the authors examined the effects of gender and forward-flexed posture as 

well as their interactions with lead use. Background: The use of a lead is mandatory for 

interventionalists during surgical procedures. Because the vest portion of a lead weighs 

considerably more than normal clothing, there is concern that its use increases the risk of 

developing back and shoulder pain. Method: In a repeated-measures study design, 19 

young healthy male and female adults assumed standardized erect or forward-flexed 

postures, both with and without wearing the vest portion of a lead. Shoulder and lower 

back muscle activity was measured via surface electromyography, normalized by 

maximum voluntary contraction values. Data were analyzed using general linear models 

and repeated-measures ANOVA (significant for p < .05). Results: Use of the lead did not 

result in a significant increase in muscle activity in the lower back or shoulders, despite 

perceived increases in effort and discomfort. Posture proved to be the most significant 

secondary factor affecting activity in the lower back, and participant gender proved 

insignificant. Conclusion: Short-term use of the lead does not appear to contribute to 

the incidence of back pain or injury in interventionalists. Avoiding flexed postures could 

more directly reduce the likelihood of pain or injury. Application: Potential applications 

include assessing and improving operating room ergonomics for physicians.  

� Keywords: weighted garment(s), back pain, surface electromyography, physician 

ergonomics, spinal biomechanics 

Na Jin Seo, Jae Kun Shim, Alexander K. Engel, and Leah R. Enders. Grip 
Surface Affects Maximum Pinch Force. S. 740-748. 

Objective: The aim of this study was to investigate whether people change their 

isometric pinch grip generation depending on the surface they gripped. Specifically, the 

effect of grip surface friction condition on (a) maximum force produced in the direction 

normal to the contact surface, (b) fluctuation of normal force, and (c) the digit force’s 

angular deviation from the direction normal to the grip surface was quantified. 

Background: Isometric pinch grip has been traditionally thought to be independent from 

the friction condition between the finger and gripped surface, which may be questionable. 

Method: For this study, 12 healthy participants performed maximum isometric pinch grip 

exertion on high-friction rubber and low-friction paper surfaces. Maximum normal force, 

normal force variance, and digit force’s angular deviation from the normal direction were 

quantified. Results: Pinch grip on the high-friction rubber surface was associated with 

10% greater maximum normal force and 50% reduced normal force variance, compared 

with the low-friction paper surface (p < .05). Digit force’s angular deviation was not 

significantly different between the two surface friction conditions. Conclusion: The data 

support that people do change their pinch grip generation (maximum normal force and 

normal force variance) depending on the surface they gripped, potentially by using 

sensory feedback. The results of this study demonstrate that even a simple isometric 



pinch grip (no lifting associated) is affected by grip surface friction. Application: Grip 

surface condition should be considered for clinical assessments, biomechanical 

investigation, and motor control studies to ensure consistency in measurements and 

validity of comparisons. 

� Keywords: digit force, pinch grip, coefficient of friction, control, sensory feedback 

COGNITIVE PROCESSES 

Elsa Eiriksdottir, Richard Catrambone. Procedural Instructions, 

Principles, and Examples : How to Structure Instructions for Procedural 
Tasks to Enhance Performance, Learning, and Transfer. S. 749-770. 

Objective: The goal of this article is to investigate how instructions can be constructed 

to enhance performance and learning of procedural tasks. Background: Important 

determinants of the effectiveness of instructions are type of instructions (procedural 

information, principles, and examples) and pedagogical goal (initial performance, 

learning, and transfer). Method: Procedural instructions describe how to complete tasks 

in a stepwise manner, principles describe rules governing the tasks, and examples 

demonstrate how instances of the task are carried out. The authors review the research 

literature associated with each type of instruction to identify factors determining 

effectiveness for different pedagogical goals. Results: The results suggest a trade-off 

between usability and learnability. Specific instructions help initial performance, whereas 

more general instructions, requiring problem solving, help learning and transfer. Learning 

from instructions takes cognitive effort, and research suggests that learners typically opt 

for low effort. However, it is possible to meet both goals of good initial performance and 

learning with methods such as fading and by combining different types of instructions. 

Conclusion: How instructions are constructed influences their effectiveness for the goals 

of good initial performance, learning, and transfer, and it is therefore important for 

researchers and practitioners alike to define the pedagogical goal of instructions. 

Application: If the goal is good initial performance, then instructions should highly 

resemble the task at hand (e.g., in the form of detailed procedural instructions and 

examples), but if the goal is good learning and transfer, then instructions should be more 

abstract, inducing learners to expend the necessary cognitive effort for learning.  

� Keywords: instructional materials, procedures, principles, examples 

SURFACE TRANSPORTATION SYSTEMS 

Ellen M. M. Jongen, Kris Brijs, Kristof Mollu, Tom Brijs, Geert Wets. 70 
km/h Speed Limits on Former 90 km/h Roads : Effects of Sign Repetition 

and Distraction on Speed. S. 771-785. 

Objective: It was investigated how speed limit repetition and distraction affect drivers’ 

speed management throughout a road section where the imposed speed limit is not in 

accordance (too low) with road design. Background: It is not clear how driving speed 

evolves and to what degree speed limit repetition is necessary on roads where the 

imposed speed limit is not in accordance (too low) with road design. It is furthermore of 

interest how all these factors are influenced by driver distraction. Method: In a driving 

simulator, 47 volunteers completed one trip with and without distraction. Within each 

trip, three configurations were presented: speed limit sign repetition after every 

intersection, repetition only in the middle of a segment, or no repetition. Results: 
Distraction lowered driving speed. Speed management varied depending on speed limit 

repetition. The speed limit was exceeded more often when speed limit signs were 

repeated less frequently. When drivers were not reminded of the limit, speed linearly 

increased throughout the segment. In all three configurations, speed increased toward 



the end of the segment, but this increase was largest when there had been no repetition 

at all of the speed limit. Conclusion: In low-demanding road designs that allow drivers 

to exceed the speed limit, limit repetition is necessary. Frequent repetition may be 

preferred, as speed management was most homogenous in that case. Application: The 

proposed analysis of speed management throughout a section increases our 

understanding of how speed evolves and thereby shows where repetition of the speed 

limit is necessary. 

� Keywords: speed management, speed limit credibility, speed sign repetition, 

driver distraction, driving simulator 


