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ACCIDENTS, HUMAN ERROR 

Joseph D. McDonald and Francis T. Durso. A Behavioral Intervention for 

Reducing Postcompletion Errors in a Safety-Critical System. S. 917-929. 

Objective: We investigated the effectiveness of a theoretically motivated intervention at 

reducing procedural errors in train yard operations, where making these errors could be 

costly or life-threatening. Background: A widespread and persistent memory error that 

people commit on a daily basis is the postcompletion error (PCE), that is, forgetting to 

complete the final step of a procedural task in which the final step occurs after 

completion of the task goal. PCEs occur in the railroad industry when a locomotive 

conductor changes the direction of a rail switch but fails to report this change. This 

particular error could contribute to unsafe conditions as another train traveling on the 

same track could derail. Although training can help reduce some of the factors leading to 

unsafe conditions on the rail, research has demonstrated that PCEs are different from 

other errors of omission in that they cannot be eliminated through training, which makes 

them a difficult problem to address. Method: Twenty-eight undergraduates completed 

train yard tasks within a mid-fidelity simulator used in commercial rail operations for 

training. Each participant received the behavioral intervention in one block and no 

intervention in another. Specifically, participants were required to perform an additional 

task designed to remind participants of the postcompletion step. Results: Our 

intervention significantly reduced PCE rates in the context of train yard operations, on 

average by 65%. Conclusion: We discuss implications of the effectiveness of our 

intervention at reducing train yard accidents and how this outcome can contribute to the 

literature on the cause of PCEs. Application: In cases such as the railroad industry, 

where redesigning technology is prohibitive, our behavioral intervention is an effective 

alternative for significantly reducing PCEs.  

 Keywords: rail human factors, resilience engineering, procedural errors, errors of 

omission, retrieval cues, attention, memory, human-systems integration, 

simulation, applied cognition 

AUTOMATION, EXPERT SYSTEMS 



Christopher D. Wickens, Shaun D. Hutchins, Lila Laux, and Angelia 

Sebok. The Impact of Sleep Disruption on Complex Cognitive Tasks: A 
Meta-Analysis. S. 930-946. 

Objective: We aimed to build upon the state of knowledge about the impacts of sleep 

disruption into the domain of complex cognitive task performance for three types of sleep 

disruption: total sleep deprivation, sleep restriction, and circadian cycle. Background: 

Sleep disruption affects human performance by increasing the likelihood of errors or the 

time it takes to complete tasks, such as the Psychomotor Vigilance Task. It is not clear 

whether complex tasks are affected in the same way. Understanding the impact of sleep 

disruption on complex cognitive tasks is important for, and in some instances more 

relevant to, professional workers confronted with unexpected, catastrophic failures 

following a period of disrupted sleep. Method: Meta-analytic review methods were 

applied to each of the three different areas of sleep disruption research. Results: 

Complex cognitive task performance declines over consecutive hours of continuous 

wakefulness as well as consecutive days of restricted sleep, is worse for severely 

restricted sleep (4 or fewer hours in bed), is worse during the circadian nadir than apex, 

and appears less degraded than simple task performance. Conclusion: The reviews 

suggest that complex cognitive task performance may not be impacted by disrupted 

sleep as severely as simple cognitive task performance. Application: Findings apply to 

predicting effects of sleep disruption on workers in safety-critical environments, such as 

health care, aviation, the military, process control, and in particular, safety-critical 

environments involving shiftwork or long-duration missions.  

 Keywords: sleep deprivation, sleep restriction, circadian, complex tasks 

Eric T. Chancey, James P. Bliss, Alexandra B. Proaps, and Poornima 

Madhavan. The Role of Trust as a Mediator Between System 
Characteristics and Response Behaviors. S. 947-958. 

Objective: The purpose of the current work was to clarify how subjective trust 

determines response behavior when interacting with a signaling system. Background: 

In multiple theoretical frameworks, trust is acknowledged as a prime mediator between 

system error characteristics and automation dependence. Some researchers have 

operationally defined trust as the behavior exhibited. Other researchers have suggested 

that although trust may guide operator responses, trust does not completely determine 

the behavior. Method: Forty-four participants interacted with a primary flight simulation 

task and a secondary signaling system task. The signaling system varied in reliability 

(90%, 60%) and error bias (false alarm, miss prone). Trust was measured halfway 

through the experimental session to address the criterion of temporal precedence in 

determining the effect of trust on behavior. Results: Analyses indicated that trust 

partially mediated the relationship between reliability and agreement rate. Trust did not 

mediate the relationship between reliability and reaction time. Trust also did not mediate 

the relationships between error bias and reaction time or agreement rate. Analyses of 

variance generally supported specific behavioral and trust hypotheses, indicating that the 

paradigm employed produced similar effects on response behaviors and subjective 

estimates of trust observed in other studies. Conclusion: These results indicate that 

strong assumptions of trust acting as the prime mediator between system error 

characteristics and response behaviors should be viewed with caution. Application: 

Practitioners should consider assessing factors other than trust to determine potential 

operator response behaviors, which may be more predictive.  

 Keywords: trust in automation, warning systems, human–automation interaction, 

warning compliance, reliability issues 



Christopher D. Wickens, Angelia Sebok, Huiyang Li, Nadine Sarter, and 

Andrew M. Gacy. Using Modeling and Simulation to Predict Operator 
Performance and Automation-Induced Complacency With Robotic 

Automation : A Case Study and Empirical Validation. S.959-975. 

Objective: The aim of this study was to develop and validate a computational model of 

the automation complacency effect, as operators work on a robotic arm task, supported 

by three different degrees of automation. Background: Some computational models of 

complacency in human–automation interaction exist, but those are formed and validated 

within the context of fairly simplified monitoring failures. This research extends model 

validation to a much more complex task, so that system designers can establish, without 

need for human-in-the-loop (HITL) experimentation, merits and shortcomings of different 

automation degrees. Method: We developed a realistic simulation of a space-based 

robotic arm task that could be carried out with three different levels of trajectory 

visualization and execution automation support. Using this simulation, we performed 

HITL testing. Complacency was induced via several trials of correctly performing 

automation and then was assessed on trials when automation failed. Following a 

cognitive task analysis of the robotic arm operation, we developed a multicomponent 

model of the robotic operator and his or her reliance on automation, based in part on 

visual scanning. Results: The comparison of model predictions with empirical results 

revealed that the model accurately predicted routine performance and predicted the 

responses to these failures after complacency developed. However, the scanning models 

do not account for the entire attention allocation effects of complacency. Applications: 

Complacency modeling can provide a useful tool for predicting the effects of different 

types of imperfect automation. The results from this research suggest that focus should 

be given to supporting situation awareness in automation development.  

 Keywords: human–automation interaction, stages and levels of automation, 

complacency, function allocation, modeling, robotics, space operations, validation 

BIOMECHANICS, ANTHROPOMETRY, WORK PHYSIOLOGY 

Diana E. De Carvalho and Jack P. Callaghan. Spine Posture and 
Discomfort During Prolonged Simulated Driving With Self-Selected 

Lumbar Support Prominence. S. 976-987. 

Objective: We examined magnitude preference, subjective discomfort, and spine 

posture during prolonged simulated driving with a self-selected amount of lumbar 

support. Background: The general use of lumbar supports has been associated with 

decreased reports of low-back pain during driving exposures; however, minimal data 

exist regarding occupant magnitude preference. Method: Participants chose between five 

discrete levels of lumbar support (0–4 cm). Time-varying postural and discomfort 

responses were then monitored throughout 2 hr of simulated driving. Results: There 

were no significant effects of gender or time on posture. Women preferred larger 

amounts of support than men (3.25 cm ± 0.71 and 2.56 cm ± 0.88, respectively, p = 

.048). All participants exhibited significant increases (p = .003) in pelvic discomfort 

throughout the 2-hr trial regardless of the level of support chosen. Discomfort related to 

various aspects of the lumbar support increased significantly over time. Retrospectively, 

no participants desired a setting beyond 4 cm, and the majority of respondents indicate 

had they been able to change their initial selection, they would choose a setting between 

2 and 3 cm. Conclusion: The results suggest that occupants would prefer increasing the 

excursion capability of automobile lumbar supports beyond 2 cm. Application: Excursion 

capability and adjustability of automobile lumbar supports are important features to 

better meet end-user preference and to reducing lumbar flexion in sitting.  



 Keywords: Spine, physical ergonomics, interventions, biomechanics, vehicle 

design, gender 

Annie Yu, Kit Lun Yick, Sun Pui Ng, and Joanne Yip. The Effect of 
Pressure Glove Tightness on Forearm Muscle Activity and Psychophysical 

Responses. S. 988-1001. 

Objective: The impact of pressure glove tightness on maximum grip force, muscle 

activity, and psychophysical responses is investigated to facilitate the prescription of a 

suitable reduction factor (RF) for pressure treatment. Background: The wearing of 

pressure therapy gloves is often considered to hinder hand performance and cause 

discomfort, resulting in unsatisfactory treatment adherence during burn rehabilitation. 

Method: A wear trial was carried out with 10 participants for three custom-made 

pressure gloves that consist of different RFs—10%, 15% and 20%—as well as for the 

bare hand. The surface electromyography of three forearm muscles was measured during 

tasks that involve moving marbles, buttoning a shirt, and typing. The psychophysical 

responses were also recorded. Results: The use of pressure gloves results in a reduction 

in the maximum gripping force. Gloves with tighter pressure contribute to lower 

perceived comfort and ease of hand motion. Increased glove tightness (with RFs of 15% 

and 20%) decreases muscle activity as compared to the bare-hand condition when 

buttoning a shirt. In terms of typing, the forearm muscle activity increases with high 

glove pressure (RF of 20%). Conclusion: The forearm muscles are significantly affected 

by glove tightness in performing different daily tasks that required gripping, pinching, 

and typing. The increase of RF of pressure gloves causes negative impact on 

psychophysical response and handgrip strength. Glove tightness in relation to hand 

performance and comfort is important in prescribing an optimal pressure therapy glove 

for hypertrophic scar treatment. Application: The findings give insight into the impacts 

of pressure glove tightness on muscle activity, thus providing a reference for glove 

development.  

 Keywords: EMG, forearm muscles, tightness, grip force, wear trial 

DISPLAYS AND CONTROLS 

Michael F. Rayo, Nina Kowalczyk, Beth W. Liston, Elizabeth B.-N. 
Sanders, Susan White, and Emily S. Patterson. Comparing the 

Effectiveness of Alerts and Dynamically Annotated Visualizations (DAVs) 
in Improving Clinical Decision Making. S. 1002-1014. 

Objective: The aim of this study was to compare the effectiveness of two types of real-

time decision support, an interrupting pop-up alert and a noninterrupting dynamically 

annotated visualization (DAV), in reducing clinically inappropriate diagnostic imaging 

orders. Background: Alerts in electronic health record software are frequently 

disregarded due to high false-alarm rates, interruptions, and uncertainty about what 

triggered the alert. In other settings, providing visualizations and improving 

understandability of the guidance has been shown to improve overall decision making. 

Method: Using a between-subject design, we examined the effect of two forms of 

decision support, alerts and DAVs, on reducing the proportion of inappropriate diagnostic 

imaging orders for 11 patients in a simulated environment. Nine attending and 11 

resident physicians with experience using an electronic health record were randomly 

assigned to the form of decision support. Secondary measures were self-reported 

understandability, algorithm transparency, and clinical relevance. Results: Fewer 

inappropriate diagnostic imaging tests were ordered with DAVs than with alerts (18% vs. 

34%, p < .001). The DAV was rated higher for all three secondary measures (p < .001) 

for all participants. Conclusion: DAVs were more effective than alerts in reducing 

inappropriate imaging orders and were preferred for all patient scenarios, especially 



scenarios where guidance was ambiguous or based on inaccurate information. 

Application: Creating visualizations that are permanently displayed and vary in the 

strength of their guidance can mitigate the risk of system performance degradation due 

to incomplete or incorrect data. This interaction paradigm may be applicable for other 

settings with high false-alarm rates or where there is a need to reduce interruptions 

during decision making.  

 Keywords: Alarm, alert, alert fatigue, electronic health record, interruption, 

naturalistic decision making, decision support system, visualization, evidence-

based medicine 

Amanda L. Smith and Barbara S. Chaparro. Smartphone Text Input 
Method Performance, Usability, and Preference With Younger and Older 

Adults. S. 1015-1028. 

Objective: User performance, perceived usability, and preference for five smartphone 

text input methods were compared with younger and older novice adults. Background: 

Smartphones are used for a variety of functions other than phone calls, including text 

messaging, e-mail, and web browsing. Research comparing performance with methods of 

text input on smartphones reveals a high degree of variability in reported measures, 

procedures, and results. This study reports on a direct comparison of five of the most 

common input methods among a population of younger and older adults, who had no 

experience with any of the methods. Method: Fifty adults (25 younger, 18–35 years; 25 

older, 60–84 years) completed a text entry task using five text input methods (physical 

Qwerty, onscreen Qwerty, tracing, handwriting, and voice). Entry and error rates, 

perceived usability, and preference were recorded. Results: Both age groups input text 

equally fast using voice input, but older adults were slower than younger adults using all 

other methods. Both age groups had low error rates when using physical Qwerty and 

voice, but older adults committed more errors with the other three methods. Both 

younger and older adults preferred voice and physical Qwerty input to the remaining 

methods. Handwriting consistently performed the worst and was rated lowest by both 

groups. Conclusion: Voice and physical Qwerty input methods proved to be the most 

effective for both younger and older adults, and handwriting input was the least effective 

overall. Application: These findings have implications to the design of future 

smartphone text input methods and devices, particularly for older adults.  

 Keywords: touch screen, keyboard, mobile devices, voice recognition, age, shape 

writing 

Terhi Mustonen, Jyrki Kimmel, Jussi Hakala, and Jukka Häkkinen. Visual 

Performance With Small Concave and Convex Displays. S. 1029-1050. 

Objective: In this study, we aim to investigate how users’ visual performance with a 

small flexible display changes based on the direction (i.e., convex, concave) and the 

magnitude (i.e., low, high) of the display curvature. Background: Despite the wide 

interest in flexible display materials and deformable displays, the potential effects of 

nonplanar display surfaces on human perception and performance have received little 

attention. This study is the first to demonstrate how curving affects visual performance 

with an actual flexible display (4.5-in. active-matrix organic light-emitting diode). 

Method: In a series of three experiments, we compared the performance with a planar 

display to the performance with concave and convex display surfaces with low and high 

curvature magnitudes. Two visual search tasks were employed that required the subject 

to detect target letters based on their contrast (Experiments 1 and 2) and identity 

(Experiment 3). Performance was measured as the sensitivity of target detection (d′) and 

threshold time of the search, respectively. Results: There were similar sensitivities for 

targets across the curvature variants, but the high-magnitude curvatures resulted in 

prolonged search times, especially for the convex form. In both of the tasks, 



performance was dependent on the display location, which was defined as the target’s 

distance from the display center. Conclusion: High curvature magnitudes should be 

avoided, even in small displays, because large local changes in visual stimuli decrease 

processing speed outside the central display. Application: The findings have implications 

for the development of technologies, applications, and user interfaces for flexible displays 

and the design of visual display devices.  

 Keywords: flexible displays, handheld devices, user performance, visual search, 

letter identification 

NEUROERGONOMICS 

Eric J. Blumberg, Cyrus K. Foroughi, Melissa R. Scheldrup, Matthew S. 
Peterson, Debbie A. Boehm-Davis, and Raja Parasuraman. Reducing the 

Disruptive Effects of Interruptions With Noninvasive Brain Stimulation. 
S. 1051-1062. 

Objective: The authors determine whether transcranial direct current stimulation (tDCS) 

can reduce resumption time when an ongoing task is interrupted. Background: 

Interruptions are common and disruptive. Working memory capacity has been shown to 

predict resumption lag (i.e., time to successfully resume a task after interruption). Given 

that tDCS applied to brain areas associated with working memory can enhance 

performance, tDCS has the potential to improve resumption lag when a task is 

interrupted. Method: Participants were randomly assigned to one of four groups that 

received anodal (active) stimulation of 2 mA tDCS to one of two target brain regions, left 

and right dorsolateral prefrontal cortex (DLPFC), or to one of two control areas, active 

stimulation of the left primary motor cortex or sham stimulation of the right DLPFC, while 

completing a financial management task that was intermittently interrupted with math 

problem solving. Results: Anodal stimulation to the right and left DLPFC significantly 

reduced resumption lags compared to the control conditions (sham and left motor cortex 

stimulation). Additionally, there was no speed-accuracy tradeoff (i.e., the improvement 

in resumption time was not accompanied by an increased error rate). Conclusion: 

Noninvasive brain stimulation can significantly decrease resumption lag (improve 

performance) after a task is interrupted. Application: Noninvasive brain stimulation 

offers an easy-to-apply tool that can significantly improve interrupted task performance.  

 Keywords: tDCS, resumption lag, working memory, speed-accuracy tradeoff 

SENSORY AND PERCEPTUAL PROCESSES 

Eric T. Greenlee,  Gregory J. Funke,  Joel S. Warm,  Victor S. Finomore, 

Jr.,  Robert E. Patterson,  Laura E. Barnes, Matthew E. Funke, and 
Michael A. Vidulich. Effects of Stereoscopic Depth on Vigilance 

Performance and Cerebral Hemodynamics. S. 1063-1075. 

Objective: We tested the possibility that monitoring a display wherein critical signals for 

detection were defined by a stereoscopic three-dimensional (3-D) image might be more 

resistant to the vigilance decrement, and to temporal declines in cerebral blood flow 

velocity (CBFV), than monitoring a display featuring a customary two-dimensional (2-D) 

image. Background: Hancock has asserted that vigilance studies typically employ 

stimuli for detection that do not exemplify those that occur in the natural world. As a 

result, human performance is suboptimal. From this perspective, tasks that better 

approximate perception in natural environments should enhance performance efficiency. 

To test that possibility, we made use of stereopsis, an important means by which 

observers interact with their everyday surroundings. Method: Observers monitored a 

circular display in which a vertical line was embedded. Critical signals for detection in a 



2-D condition were instances in which the line was rotated clockwise from vertical. In a 

3-D condition, critical signals were cases in which the line appeared to move outward 

toward the observer. Results: The overall level of signal detection and the stability of 

detection over time were greater when observers monitored for 3-D changes in target 

depth compared to 2-D changes in target orientation. However, the 3-D display did not 

retard the temporal decline in CBFV. Conclusion: These results provide the initial 

demonstration that 3-D displays can enhance performance in vigilance tasks. 

Application: The use of 3-D displays may be productive in augmenting system reliability 

when operator vigilance is vital.  

 Keywords: Vigilance, stereopsis, depth perception, neuroimaging, simulator 

sickness, stress 

TEAMS AND GROUPS 

Paul B. Paulus, Runa M. Korde, Jubilee J. Dickson, Abraham Carmeli, and 
Ravit Cohen-Meitar. Asynchronous Brainstorming in an Industrial 

Setting: Exploratory Studies. S. 1076-1094. 

Objective: The goal of this study was to examine the effectiveness of brainwriting in an 

industrial setting. Background: Research has demonstrated that group interaction can 

inhibit idea generation. Written exchanges of ideas in groups have been found to be an 

effective way to increase idea generation. To our knowledge, no study has examined the 

potential of brainwriting for group idea generation in work settings or the impact of 

different sequences of group and individual idea generation. Method: Participants in a 

high-technology company participated in two brainwriting studies. In one study, 

participants generated ideas either first alone and then in a group or in the reverse order. 

In a second study, participants either generated as a group during the entire session or 

alternated individual ideation with a periodic review of the group’s ideas. Results: In the 

first study, participants who generated ideas first as a group and then as individuals 

performed best. In the first session, group writing also tended to lead to more ideas than 

did individual writing. In the second study, participants with periodic reviews performed 

best. Conclusion: The results suggest that alternation in individual and group 

brainwriting can enhance the number of ideas generated. The group-to-alone sequence is 

also beneficial since it allows group members to build on shared ideas. Application: This 

research indicates that collaborative idea sessions can be beneficial in work sessions if 

the brainwriting paradigm is used with an appropriate alternation of group ideation or 

review sessions with individual idea generation sessions.  

 Keywords: Creativity, brainstorming, brainwriting, idea selection, collaborative 

innovation, groups 


