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AT THE FOREFRONT OF HF/E 

Emily S. Patterson. Workarounds to Intended Use of Health Information 

Technology: A Narrative Review of the Human Factors Engineering 
Literature. pp. 281–292. 

Objective: To integrate and synthesize insights from recent studies of workarounds to 

the intended use of health information technology (HIT) by health care professionals. 

Background: Systems are safest when the documentation of how work is done in 

policies and procedures closely matches what people actually do when they are working. 

Proactively identifying and managing workarounds to the intended use of technology, 

including deviations from expected workflows, can improve system safety. Method: A 

narrative review of studies of workarounds with HIT was conducted to identify themes in 

the literature. Results: Three themes were identified: (1) Users circumvented new 

additional steps in the workflow when using HIT, (2) interdisciplinary team members 

communicated via HIT in text fields that were intended for other purposes, and (3) 

locally developed paper-based and manual whiteboard systems were used instead of HIT 

to support situation awareness of individuals and groups; an example of a locally 

developed system was handwritten notes about a patient on a piece of paper folded up 

and carried in a nurse’s pocket. Conclusion: Workarounds were employed to avoid 

changes to workflow, enable interdisciplinary communication, coordinate activities, and 

have real-time portable access to summarized and synthesized information. Application: 
Implications for practice include providing summary overview displays, explicitly 

supporting role-based communication and coordination through HIT, and reducing the 

risk to reputation due to electronic monitoring of individual performance. 

� Keywords: workarounds, health information technology (HIT), patient safety, 

nursing and nursing systems 

ACCIDENTS, HUMAN ERROR 

Jordan Lock, Chris Bearman. Normalization of Deviation: Quotation Error 
in Human Factors. pp. 293–304. 



Objective: The objective of this paper is to examine quotation error in human factors. 

Background: Science progresses through building on the work of previous research. 

This requires accurate quotation. Quotation error has a number of adverse 

consequences: loss of credibility, loss of confidence in the journal, and a flawed basis for 

academic debate and scientific progress. Quotation error has been observed in a number 

of domains, including marine biology and medicine, but there has been little or no 

previous study of this form of error in human factors, a domain that specializes in the 

causes and management of error. Methods: A study was conducted examining quotation 

accuracy of 187 extracts from 118 published articles that cited a control article 

(Vaughan’s 1996 book: The Challenger Launch Decision: Risky Technology, Culture, and 

Deviance at NASA). Results: Of extracts studied, 12.8% (n = 24) were classed as 

inaccurate, with 87.2% (n = 163) being classed as accurate. A second dimension of 

agreement was examined with 96.3% (n = 180) agreeing with the control article and 

only 3.7% (n = 7) disagreeing. The categories of accuracy and agreement form a two by 

two matrix. Conclusion: Rather than simply blaming individuals for quotation error, 

systemic factors should also be considered. Vaughan’s theory, normalization of deviance, 

is one systemic theory that can account for quotation error. Application: Quotation error 

is occurring in human factors and should receive more attention. According to Vaughan’s 

theory, the normal everyday systems that promote scholarship may also allow mistakes, 

mishaps, and quotation error to occur. 

� Keywords: quotation error, academics, normalization of deviance, Vaughan, 

Challenger 

AUTOMATION, EXPERT SYSTEMS 

Moritz Körber, Lorenz Prasch, Klaus Bengler. Why Do I Have to Drive 
Now? Post Hoc Explanations of Takeover Requests. pp. 305–323. 

Objective: It was investigated whether providing an explanation for a takeover request 

in automated driving influences trust in automation and acceptance. Background: 
Takeover requests will be recurring events in conditionally automated driving that could 

undermine trust as well as acceptance and, therefore, the successful introduction of 

automated vehicles. Method: Forty participants were equally assigned to either an 

experimental group provided with an explanation of the reason for a takeover request or 

a control group without explanations. In a simulator drive, both groups experienced three 

takeover scenarios that varied in the obviousness of their causation. Participants rated 

their acceptance before and after the drive and rated their trust before and after each 

takeover situation. Results: All participants rated acceptance on the same high level 

before and after the drive, independent of the condition. The control group’s trust ratings 

remained unchanged by takeover requests in all situations, but the experimental group 

showed decreased trust after experiencing a takeover caused by roadwork. Participants 

provided with explanation felt more strongly that they had understood the system and 

the reasons for the takeovers. Conclusion: A takeover request did not lower trust or 

acceptance. Providing an explanation for a takeover request had no impact on trust or 

acceptance but increased the perceived understanding of the system. Application: The 

results provide insights into users’ perception of automated vehicles, takeover situations, 

and a fundament for future interface design for automated vehicles. 

� Keywords: technology acceptance, trust in automation, human–automation 

interaction, automated driving, takeover request 

COGNITION 

Ashley J. Pugh, Christopher D. Wickens, Nathan Herdener, Benjamin A. 
Clegg, C. A. P. Smith. Effect of Visualization Training on Uncertain Spatial 

Trajectory Predictions. pp. 324–339. 



Objective: The goal of this study was to explore the ways in which visualizations 

influence the prediction of uncertain spatial trajectories (e.g., the unknown path of a 

downed aircraft or future path of a hurricane) and participant overconfidence in such 

prediction. Background: Previous research indicated that spatial predictions of uncertain 

trajectories are challenging and are often associated with overconfidence. Introducing a 

visualization aid during training may improve the understanding of uncertainty and 

reduce overconfidence. Method: Two experiments asked participants to predict the 

location of various trajectories at a future time. Mean and variance estimates were 

compared for participants who were provided with a visualization and those who were 

not. Results: In Experiment 1, participants exhibited less error in mean estimations 

when a linear visualization was present but performed worse than controls once the 

visualization was removed. Similar results were shown in Experiment 2, with a nonlinear 

visualization. However, in both experiments, participants who were provided with a 

visualization did not retain any advantage in their variance estimations once the 

visualization was removed. Conclusions: Visualizations may support spatial predictions 

under uncertainty, but they are associated with benefits and costs for the underlying 

knowledge being developed. Application: Visualizations have the potential to influence 

how people make spatial predictions in the presence of uncertainty. Properly designed 

and implemented visualizations may help mitigate the cognitive biases related to such 

predictions. 

� Keywords: decision making, cognition, metacognition, visual displays, transfer of 

training 

Shannon K. T. Bailey, Alexis R. Neigel, Lindsay Y. Dhanani, Valerie K. 
Sims. Establishing Measurement Equivalence Across Computer- and 
Paper-Based Tests of Spatial Cognition. pp. 340–350. 

Objective: The purpose of the present research is to establish measurement equivalence 

and test differences in reliability between computerized and pencil-and-paper-based tests 

of spatial cognition. Background: Researchers have increasingly adopted computerized 

test formats, but few attempt to establish equivalence for computer-based and paper-

based tests. The mixed results in the literature on the test mode effect, which occurs 

when performance differs as a function of test medium, highlight the need to test for, 

instead of assume, measurement equivalence. One domain that has been increasingly 

computerized and is thus in need of tests of measurement equivalence across test mode 

is spatial cognition. Method: In the present study, 244 undergraduate students 

completed two measures of spatial ability (i.e., spatial visualization and cross-sectioning) 

in either computer- or paper-and-pencil-based format. Results: Measurement 

equivalence was not supported across computer-based and paper-based formats for 

either spatial test. The results also indicated that test administration type affected the 

types of errors made on the spatial visualization task, which further highlights the 

conceptual differences between test mediums. Paper-based tests also demonstrated 

increased reliability when compared with computerized versions of the tests. 

Conclusion: The results of the measurement equivalence tests caution against treating 

computer- and paper-based versions of spatial measures as equivalent. We encourage 

subsequent work to demonstrate test mode equivalence prior to the utilization of spatial 

measures because current evidence suggests they may not reliably capture the same 

construct. Application: The assessment of test type differences may influence the 

medium in which spatial cognition tests are administered. 

� Keywords: computer-based testing, measurement equivalence, paper-based 

testing, spatial cognition, test mode effect 

CONSUMER PRODUCTS, TOOLS 



Mark C. Schall, Jr., Richard F. Sesek, Lora A. Cavuoto. Barriers to the 

Adoption of Wearable Sensors in the Workplace: A Survey of 
Occupational Safety and Health Professionals. pp. 351–362. 

Objective: To gather information on the (a) types of wearable sensors, particularly 

personal activity monitors, currently used by occupational safety and health (OSH) 

professionals; (b) potential benefits of using such technologies in the workplace; and (c) 

perceived barriers preventing the widespread adoption of wearable sensors in industry. 

Background: Wearable sensors are increasingly being promoted as a means to improve 

employee health and well-being, and there is mounting evidence supporting their use as 

exposure assessment and personal health tools. Despite this, many workplaces have 

been hesitant to adopt these technologies. Methods: An electronic survey was emailed 

to 28,428 registered members of the American Society of Safety Engineers (ASSE) and 

1,302 professionals certified by the Board of Certification in Professional Ergonomics 

(BCPE). Results: A total of 952 valid responses were returned. Over half of respondents 

described being in favor of using wearable sensors to track OSH-related risk factors and 

relevant exposure metrics at their respective workplaces. However, barriers including 

concerns regarding employee privacy/confidentiality of collected data, employee 

compliance, sensor durability, the cost/benefit ratio of using wearables, and good 

manufacturing practice requirements were described as challenges precluding adoption. 

Conclusion: The broad adoption of wearable technologies appears to depend largely on 

the scientific community’s ability to successfully address the identified barriers. 

Application: Investigators may use the information provided to develop research studies 

that better address OSH practitioner concerns and help technology developers 

operationalize wearable sensors to improve employee health and well-being. 

� Keywords: consumer products, industrial/workplace ergonomics, musculoskeletal 

disorders, physical ergonomics, tools, work measurement 

DISPLAYS AND CONTROLS 

Justin G. Hollands, Phil Terhaar, Nada J. Pavlovic. Effects of Resolution, 

Range, and Image Contrast on Target Acquisition Performance. pp. 363–
383. 

Objective: We sought to determine the joint influence of resolution, target range, and 

image contrast on the detection and identification of targets in simulated naturalistic 

scenes. Background: Resolution requirements for target acquisition have been 

developed based on threshold values obtained using imaging systems, when target range 

was fixed, and image characteristics were determined by the system. Subsequent work 

has examined the influence of factors like target range and image contrast on target 

acquisition. Method: We varied the resolution and contrast of static images in two 

experiments. Participants (soldiers) decided whether a human target was located in the 

scene (detection task) or whether a target was friendly or hostile (identification task). 

Target range was also varied (50–400 m). In Experiment 1, 30 participants saw color 

images with a single target exemplar. In Experiment 2, another 30 participants saw 

monochrome images containing different target exemplars. Results: The effects of 

target range and image contrast were qualitatively different above and below 6 pixels per 

meter of target for both tasks in both experiments. Conclusion: Target detection and 

identification performance were a joint function of image resolution, range, and contrast 

for both color and monochrome images. Application: The beneficial effects of increasing 

resolution for target acquisition performance are greater for closer (larger) targets. 

� Keywords: sensory and perceptual processes, vision, displays 



Javier Roca, Beatriz Insa, Pilar Tejero. Legibility of Text and Pictograms 

in Variable Message Signs: Can Single-Word Messages Outperform 
Pictograms? pp. 384–396. 

Objective: The current research shows the advantage of single-word messages in the 

particular case of variable message signs (VMSs) with a high aspect ratio. Background: 
Early studies on traffic sign design proposed that pictorial information would advantage 

equivalent text messages in static signs. Method: We used a driving simulator to present 

individually 36 VMSs, showing six words (e.g., “congestion”) and six danger signs (e.g., 

congestion traffic sign). In Experiment 1, 18 drivers read aloud the text or orally 

identified the pictograms as soon as they could correctly do it. In Experiment 2, a 

different sample of 18 drivers gave a motor response, according to the meaning of the 

message. We analyzed the legibility distance and accuracy, driving performance (speed 

variability), and glance behavior. Results: Our results show that single-word messages 

were associated with better performance (farther reading distances) and required less 

visual demands (fewer glances and less glancing times) than pictograms. Conclusion: 
As typical configurations of VMSs usually have a high aspect ratio, and thus allow large 

character heights, single-word messages can outperform the legibility of pictograms. 

However, the final advantage of text or pictorial messages would depend on several 

factors, such as the driver’s knowledge of the language and the pictogram set, the use of 

single or multiple words, the particular design and size of critical details in letters and 

pictograms, environmental factors, and driver age. Application: Potential applications 

include the design of VMSs and other devices aimed at displaying text and/or pictograms 

with a high aspect ratio. 

� Keywords: legibility distance, traffic signs, variable message signs, text message, 

pictogram, high aspect ratio 

HEALTH CARE/HEALTH SYSTEMS 

Brittany N. Neilson, Martina I. Klein. Assessment of Performance 

Carryover Effects Due to Successive Exposure to Different Lateral 
Camera Rotations in a Laparoscopic Training Environment. pp. 397–414. 

Objective: The aim of this study was to assess performance carryover effects associated 

with different successive lateral camera rotations in the laparoscopic training 

environment. Background: Laparoscopy requires surgeons to adapt to disruptions of 

visuomotor mapping. A gradual adaptation process is hypothesized to be effective up to a 

given rotation threshold; this threshold may have performance implications for 

successive exposure to different lateral camera rotations. Method: Two experiments 

utilized a laparoscopic training task. Experiment 1 exposed novices to a subsequent 

rotation that was either 45° larger than one of the initial rotations of 45°, 75°, 105°, and 

135° or 45° smaller than one of the initial rotations of 90°, 120°, 150°, and 180°. 

Experiment 2 exposed novices to either stepwise increasing rotations (0° to 180°) or 

stepwise decreasing rotations (180° to 0°). Results: Regarding Experiment 1, 

performance generally improved for subsequent rotations that were 45° larger than the 

initial rotation, except for one condition (initial rotation, 105°; subsequent rotation, 

150°). Performance generally improved for subsequent rotations that were 45° smaller 

than the initial rotation, except for one condition (initial rotation, 120°; subsequent 

rotation, 75°). Experiment 2 indicated worst performance at 120° for the increasing and 

decreasing conditions. This finding suggests an identical threshold for increasing and 

decreasing rotations, which is inconsistent with Experiment 1 results. Conclusion: 
Improved performance due to carryover effects from successive exposure to lateral 

camera rotations in the laparoscopic training environment is contingent on the specific 

camera rotations. Application: Supplementary laparoscopic training might be needed for 

surgeries that entail certain successive lateral camera rotations. 



� Keywords: Perceptual-motor performance, medical simulation/training and 

assessment, surgical care and procedural technologies, simulation and training, 

simulations 

HUMAN-SYSTEMS INTEGRATION 

Oren Musicant, Assaf Botzer, Ilan Laufer, Christian Collet. Relationship 
Between Kinematic and Physiological Indices During Braking Events of 
Different Intensities. pp. 415–427. 

Objective: To study the relationship between physiological indices and kinematic indices 

during braking events of different intensities. Background: Based on mental workload 

theory, driving and other task demands may generate changes in physiological indices, 

such as the driver’s heart rate and skin conductance. However, no attempts were made 

to associate changes in physiological indices with changes in vehicle kinematics that 

result from the driver attempts to meet task demands. Method: Twenty-five drivers 

participated in a field experiment. We manipulated braking demands using roadside signs 

to communicate the speed (km/h) before braking (50 or 60) and the target speed for 

braking (30 or to a complete stop). In an additional session, we asked drivers to brake as 

if they were responding to an impending collision. We analyzed the relationship between 

the intensities of braking events as measured by deceleration values (g) and changes in 

heart rate, heart rate variability, and skin conductance. Results: All physiological indices 

were associated with deceleration intensity. Especially salient were the differences in 

physiological indices between the intensive (|g| > 0.5) and nonintensive braking events. 

The strongest relationship was between braking intensity and skin conductance. 

Conclusions: Skin conductance, heart rate, and heart rate variability can mirror the 

mental workload elicited by varying braking intensities. Application: Associating vehicle 

kinematics with physiological indices related to short-term driving events may help 

improve the performance of driver assistance systems. 

� Keywords: mental workload, effort, physiology, motor control, kinematics 

NEUROERGONOMICS 

Menja Scheer, Heinrich H. Bülthoff, Lewis L. Chuang. Auditory Task 
Irrelevance: A Basis for Inattentional Deafness. pp. 428–440. 

Objective: This study investigates the neural basis of inattentional deafness, which could 

result from task irrelevance in the auditory modality. Background: Humans can fail to 

respond to auditory alarms under high workload situations. This failure, 

termed inattentional deafness, is often attributed to high workload in the visual modality, 

which reduces one’s capacity for information processing. Besides this, our capacity for 

processing auditory information could also be selectively diminished if there is no obvious 

task relevance in the auditory channel. This could be another contributing factor given 

the rarity of auditory warnings. Method: Forty-eight participants performed a visuomotor 

tracking task while auditory stimuli were presented: a frequent pure tone, an infrequent 

pure tone, and infrequent environmental sounds. Participants were required either to 

respond to the presentation of the infrequent pure tone (auditory task-relevant) or not 

(auditory task-irrelevant). We recorded and compared the event-related potentials 

(ERPs) that were generated by environmental sounds, which were always task-irrelevant 

for both groups. These ERPs served as an index for our participants’ awareness of the 

task-irrelevant auditory scene. Results: Manipulation of auditory task relevance 

influenced the brain’s response to task-irrelevant environmental sounds. Specifically, the 

late novelty-P3 to irrelevant environmental sounds, which underlies working memory 

updating, was found to be selectively enhanced by auditory task relevance independent 

of visuomotor workload. Conclusion: Task irrelevance in the auditory modality 

selectively reduces our brain’s responses to unexpected and irrelevant sounds regardless 



of visuomotor workload. Application: Presenting relevant auditory information more 

often could mitigate the risk of inattentional deafness. 

� Keywords: event-related potentials, auditory relevance, novelty-P3, inattentional 

deafness 


