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AT THE FOREFRONT OF HF/E 

Penelope Sanderson, Tara McCurdie, Tobias Grundgeiger. Interruptions 

in Health Care: Assessing Their Connection With Error and Patient Harm. 
S. 1025–1036. 

Objective: We address the problem of how researchers investigate the actual or 

potential causal connection between interruptions and medical errors, and whether 

interventions might reduce the potential for harm. Background: It is widely assumed 

that interruptions lead to errors and patient harm. However, many reviewers and authors 

have commented that there is not strong evidence for a causal connection. Method: We 

introduce a framework of criteria for assessing how strongly evidence implies causality: 

the so-called Bradford Hill criteria. We then examine four key “metanarratives” of 

research into interruptions in health care—applied cognitive psychology, epidemiology, 

quality improvement, and cognitive systems engineering—and assess how each tradition 

has addressed the causal connection between interruptions and error. Results: 
Outcomes of applying the Bradford Hill criteria are that the applied cognitive psychology 

and epidemiology metanarratives address the causal connection relatively directly, 

whereas the quality improvement metanarrative merely assumes causality, and the 

cognitive systems engineering metanarrative either implicitly or explicitly questions the 

feasibility of finding a direct causal connection with harm. Conclusion: The Bradford Hill 

criteria are useful for evaluating the existing literature on the relationship between 

interruptions in health care, clinical errors, and the potential for patient harm. In the 

future, more attention is needed to the issue of why interruptions usually do not lead to 

harm, and the implications for how we approach patient safety. 

� Keywords: interruptions, distractions, health care, metanarratives, causality, 

patient safety 

INVITED REVIEW ARTICLE 

Callum D. Mole, Otto Lappi, Oscar Giles, Gustav Markkula, Franck Mars, 
Richard M. Wilkie. Getting Back Into the Loop: The Perceptual-Motor 

Determinants of Successful Transitions out of Automated Driving. S. 
1037–1065. 



Objective: To present a structured, narrative review highlighting research into human 

perceptual-motor coordination that can be applied to automated vehicle (AV)–human 

transitions. Background: Manual control of vehicles is made possible by the coordination 

of perceptual-motor behaviors (gaze and steering actions), where active feedback loops 

enable drivers to respond rapidly to ever-changing environments. AVs will change the 

nature of driving to periods of monitoring followed by the human driver taking over 

manual control. The impact of this change is currently poorly understood. Method: We 

outline an explanatory framework for understanding control transitions based on models 

of human steering control. This framework can be summarized as a perceptual-motor 

loop that requires (a) calibration and (b) gaze and steering coordination. A review of the 

current experimental literature on transitions is presented in the light of this framework. 

Results: The success of transitions are often measured using reaction times, however, 

the perceptual-motor mechanisms underpinning steering quality remain relatively 

unexplored.  Conclusion: Modeling the coordination of gaze and steering and the 

calibration of perceptual-motor control will be crucial to ensure safe and successful 

transitions out of automated driving. Application: This conclusion poses a challenge for 

future research on AV-human transitions. Future studies need to provide an 

understanding of human behavior that will be sufficient to capture the essential 

characteristics of drivers reengaging control of their vehicle. The proposed framework can 

provide a guide for investigating specific components of human control of steering and 

potential routes to improving manual control recovery. 

� Keywords: perception, action, steering, gaze coordination, motor control, 

automated driving, human-computer interaction 

BIOMECHANICS, ANTHROPOMETRY, WORK PHYSIOLOGY 

Kai Nestler, Ulrich Rohde, Alexander Witzki, Stephan Waldeck, Benjamin 
Becker, Dieter Leyk. Index Finger Muscle Fatigue and Pistol Firing 
Failure. S. 1066–1076. 

Objective: The aim of this study was to analyze finger strength and effects of muscle 

fatigue on the ability to shoot. Background: The finger and hand muscles of soldiers are 

subject to high loads. For example, the trigger pull of military pistols can amount up to 

58 N (≈6 kg) and could cause muscle fatigue in the trigger finger. For soldiers, however, 

maintaining the ability to shoot is essential for self-defense and survival. Method: The 

marksmanship training of 30 German soldiers (15 female) ages 18 to 40 years was 

evaluated. Three consecutive exercises with a total of 60 rounds were fired from target 

ranges of 5 and 10 m, equally using a single-action and double-action trigger mode. 

Maximum voluntary isometric contraction of the index finger (MVCIF) was measured 

before and after each of the three firing exercises. Results: Shooting reduced MVCIF in 

female (88.2 ± 15.8 N to 67.3 ± 17.7 N, p < .001) and male soldiers (145.8 ± 21.7 N to 

112.7 ± 26.6 N, p < .001). Of the 30 subjects, 23 were unable to shoot due to fatigue, 

including 15 of 15 female soldiers. The higher MVCIF was at rest, the less commonly (r = 

.73, p < .001) and the later (r = 0.82, p < .001) task failure occurred. Two intermissions 

of approximately 6 min did not suffice for a significant recovery. Conclusion: Excessive 

trigger pull weight causes muscle fatigue of the index finger and can ultimately lead to 

task failure during pistol marksmanship training. Short breaks are insufficient for the 

recovery of finger muscles. Application: This study presents a new perspective on ideal 

trigger pull weight, which should be carefully considered by manufacturers to allow 

repetitive firing and simultaneously ensure safe handling. 

� Keywords: index finger, upper extremity, gender, physical ergonomics, task 

analysis 



Kyung-Ryoul Mun, Sungkuk Chun, Junggi Hong, Jinwook Kim. The 

Relationship Between Foot Feature Parameters and Postural Stability in 
Healthy Subjects. S. 1077–1085. 

Objective: Little has been explored about the disparate contribution of medial 

longitudinal arch (MLA) and lateral longitudinal arch (LLA) to human gait and postural 

stability. This study aims to investigate the correlation of foot feature parameters 

including both MLA and LLA with postural stability. Method: Thirteen young and healthy 

subjects participated in this study. The newly developed FFMS extracted foot feature 

parameters in nonweight-bearing (NWB) and weight-bearing (WB) conditions along with 

postural stability parameters in single-leg-standing (SLS) condition. A bivariate 

correlation analysis was carried out to investigate the correlation between the foot 

characteristics and the postural stability parameters. Results: The foot length and width 

showed negative correlation with center of pressure (CoP) distance in medio-lateral (ML) 

and total direction, whereas the foot length in NWB and WB conditions, and the foot 

width in WB condition showed positive correlation with CoP distance in anterior-posterior 

(AP) direction. The height of the LLA curve and the area of the MLA were correlated with 

the postural stability parameters in AP direction. The ratios of the LLA height and area 

showed moderate correlation with the CoP distance in ML direction and total direction. 

Conclusion: The size of a foot, such as the length and width, is correlated with postural 

stability. Whereas the MLA features are associated with postural stability in AP direction, 

the LLA features are associated with that in ML and total direction. Application: The 

findings suggest that the roles and contributions of the MLA and LLA features in and to 

the postural control are different. 

� Keywords: medial longitudinal arch, lateral longitudinal arch, foot feature 

measurements system, height and area of foot arch curves, postural stability 

Dasari Karthik, C. B. K. Rao. Influence of Human Parameters on Labor 
Productivity in the Construction Industry. S. 1086–1098. 

Objective: The objective of this article is to investigate the influence of human 

parameters on qualitative assessment of labor productivity (LP) in the construction 

industry. Background: The theories involving workers have identified various 

parameters on physical efficiency, such as heart rate, relative heart rate, and calorie 

count, so as to improve the safety and social conditions of construction labor, thereby 

increasing LP. However, there is no direct emphasis on assessment of LP using human 

parameters related to physical strength. Method: An exploratory study was conducted 

on 17 construction workers by observing their task-level LP in real time at a construction 

site. Human parameters, such as age, body mass index (BMI), handgrip strength, and 

upper body muscle strength of the laborers, were measured at the construction site. 

Performance levels of these workers were placed in three categories, and each worker 

was assigned a typical weightage to each category when correlated to physical strength. 

Results: Labor categories among the human parameters that included middle age, 

normal-range BMI, and strong muscular strength were shown as having higher LP than 

others. A quantitative parameter called the Human Parameter Index (HPI) was developed 

based on the performance categories developed for an individual worker. Human 

parameters revealed a significant relationship with respect to task-level LP. Conclusion 
and Application: The study determines the influence of human parameters on LP in 

construction. Introduction of human parameters in the construction industry will help in 

assessment of LP for various labor-intensive activities. 

� Keywords: work measurement, human performance modeling, physiological 

measurement, task analysis, work physiology 

COGNITION 



Robert Earl Patterson, Darrell Lochtefeld, Kathleen G. Larson, Amanda 
Christensen-Salem. Computational Modeling of the Effects of Sleep 
Deprivation on the Vigilance Decrement. S. 1099–1111. 

Objective: We developed a computational model of the effects of sleep deprivation on 

the vigilance decrement by employing the methods of system dynamics modeling. 

Background: Situations that require sustained attention for a prolonged duration can 

cause a decline in cognitive performance, the so-called vigilance decrement. One factor 

that should influence the vigilance decrement is fatigue in the form of sleep deprivation. 

Method: We employed the methods of system dynamics modeling (numerical-integration 

techniques for modeling complex feedback systems) to create a computational model of 

the vigilance decrement. We then simulated the computational effects of sleep 

deprivation on the behavior of that model, using empirical data obtained from the 

literature for calibrating such effects.  Results: Sleep deprivation of 2 hr over a 14-day 

period should produce an additional decline of 9% in detection performance over that 

found with the typical vigilance decrement, whereas 4 hr of sleep deprivation over 14 

days should produce an additional decline of 14% in detection performance.  

Conclusion: With respect to dual-process theory, it is through its deleterious effects on 

analytical cognition that sleep deprivation should impact the vigilance decrement. 

Application: Such computational modeling may be advantageous for human-machine 

teaming by theoretically allowing a future autonomous software agent to anticipate the 

decline of human performance and compensate accordingly. 

� Keywords: vigilance, computational modeling, sleep work-rest cycles 

CONSUMER PRODUCTS, TOOLS 

Märt Reinvee, Sander Aia, Mati Pääsuke. Ergonomic Benefits of an Angle 

Grinder With  Rotatable Main Handle in a Cutting Task. S. 1112–1124. 

Objective: The aim of this study was to evaluate the ergonomic benefits of an angle 

grinder with a rotatable main handle in a cutting task. Background: Angle grinder 

manufacturers rarely address ergonomic features in their advertisements, and if they do, 

the benefits are expressed in a qualitative manner. Meanwhile, quantitative information 

about the effects of the device on the worker is required to make informed decisions 

during tool selection and cumulative trauma prevention. Method: Eleven maintenance 

workers and metalworkers used an angle grinder to cut a horizontal steel rod using three 

wrist postures. Only one of the postures was exclusively available in the case of a 

rotatable main handle. The postural effect was evaluated objectively with 

electromyography and a force-sensing-resistor-based force glove. Subjective ratings 

about discomfort and control were obtained with a visual analog scale. Results: The 

subjective ratings favor the near-neutral wrist posture. The forearm muscles’ 

electromyographic activities were similar across the postures. Forces on the hand–handle 

interface were concentrated on the intermediate phalanges. If the device is operated 

without gloves, the forces on the intermediate phalanges may exceed the discomfort 

pressure threshold regardless of wrist posture. Conclusion: In the cutting task, the 

subjective measures favor the posture with a near-neutral wrist, which is a feature of the 

rotatable main handle. The objective measures did not allow one to prefer one posture to 

another. Application: The findings give insight into the impact of wrist posture on 

muscle activity, forces on the hand–handle interface, and discomfort. This is useful 

information for the person responsible for tool selection. 

� Keywords: upper extremity, sEMG, tissue loading, tools, physical ergonomics 

HEALTH CARE/HEALTH SYSTEMS 



Jaejin Hwang, Veera Aneesh Kuppam, Subhramanya Suryanarayana Raju 
Chodraju, Jie Chen, Jeong Ho Kim. Commercially Available Friction-
Reducing Patient-Transfer Devices Reduce Biomechanical Stresses on 

Caregivers’ Upper Extremities and Low Back. S. 1125–11. 

Objective: The aim of this study was to evaluate the efficacy of commercially available 

friction-reducing patient-transfer devices in reducing biomechanical stresses on 

caregivers and patients. Background: Caregivers suffer from high prevalence of work-

related musculoskeletal disorders, which is associated with manual patient handling. 

However, there is not enough information available on the efficacy of various friction-

reducing devices in reducing biomechanical stresses in the upper extremities and low 

back. Method: During patient-transfer tasks performed by 20 caregivers, we measured 

hand force; shoulder and trunk posture; shoulder moment; muscle activity in the flexor 

digitorum superficialis, extensor digitorum communis, biceps, triceps, trapezius, and 

erector spinae; and usability ratings from four devices: a draw sheet, a repositioning 

sheet, a slide board, and an air-assisted device. In addition, triaxial head acceleration of 

mock patients was measured to evaluate patients’ head acceleration.  Results: The slide 

board and air-assisted device significantly reduced hand force (p < .001), shoulder 

flexion (p < .001), shoulder moment (p < .001), muscle activities of caregivers (p < 

.004), and patients’ head acceleration (p < .023) compared with the draw sheet. 

However, no significant differences in biomechanical measures were found between the 

repositioning and draw sheets. The air-assisted device consistently showed the lowest 

biomechanical stresses and was most preferred by participants. Conclusion: Reduction 

in caregivers’ biomechanical stresses and mock patients’ head acceleration indicates that 

a slide board and an air-assisted device can be effective engineering controls to reduce 

risk of injury. Application: The study results can provide a recommendation for 

engineering controls to reduce biomechanical stresses for both caregivers and patients. 

� Keywords: air-assisted device, friction-reducing device, head acceleration, 

musculoskeletal disorders, patient handling 

HUMAN-COMPUTER INTERACTION, COMPUTER SYSTEMS 

Deokhoon Jun, Venerina Johnston, Steven M. McPhail, Shaun O’Leary. 
Are Measures of Postural Behavior Using Motion Sensors in Seated Office 
Workers Reliable? S. 1141–1161. 

Objective: In this study, the reliability of measures of upper body postural behavior 

(head, thorax, neck, and arm) during sustained office work was evaluated. Background: 
Although there has been a substantial body of research examining the technical aspects 

of posture measurement in office workers using motion sensors, there is a paucity of 

literature examining whether posture-related behaviors are actually consistent among 

office workers in the field on different days and times. Method: Thirty one office workers 

performed their usual work for three, 1-hr sessions (two morning sessions and one 

afternoon session) while wearing wireless motion sensors. Reliability coefficients of the 

derived measures of postural behavior were calculated. Results: Most (30/31) of the 

postural behavior measures demonstrated modest to excellent reliability (ICC 2.1: 0.48–

0.84). Reliability appeared to be mildly affected by factors such as the time of day 

recordings were taken and variations in desk setups. Conclusion: The findings suggest 

these measures may be a reliable method for evaluating postural behavior in the office 

work environment in future studies. Application: Postural measurement using a 

technical motion sensor described an acceptable reliability to be used for risk assessment 

in the workplace. Consideration of assessment time and desk setting would increase the 

accuracy of postural measurement. 



� Keywords: reliability, physical ergonomics, posture, work measurement, 

wearable devices 

HUMAN-SYSTEMS INTEGRATION 

Thomas B. Sheridan. Extending Three Existing Models to Analysis of 

Trust in Automation: Signal Detection, Statistical Parameter Estimation, 
and Model-Based Control. S. 1162–1170. 

Objective: The objective is to propose three quantitative models of trust in automation. 

Background: Current trust-in-automation literature includes various definitions and 

frameworks, which are reviewed. Method: This research shows how three existing 

models, namely those for signal detection, statistical parameter estimation calibration, 

and internal model-based control, can be revised and reinterpreted to apply to trust in 

automation useful for human–system interaction design. Results: The resulting 

reinterpretation is presented quantitatively and graphically, and the measures for trust 

and trust calibration are discussed, along with examples of application. Conclusion: The 

resulting models can be applied to provide quantitative trust measures in future 

experiments or system designs. Applications:Simple examples are provided to explain 

how model application works for the three trust contexts that correspond to signal 

detection, parameter estimation calibration, and model-based open-loop control. 

� Keywords: trust in automation, automation, expert systems, cognitive modeling, 

cognitive architectures, cognition, individual differences, mathematical modeling, 

methods and skills, human–automation interaction 

PHYSIOLOGICAL AND PSYCHOLOGICAL CONDITIONS (“INTERNAL 
ENVIRONMENT”) 

Mega B. Herlambang, Niels A. Taatgen, Fokie Cnossen. The Role of 
Motivation as a Factor in Mental Fatigue. S. 1171–1185. 

Objective: The aim of this study was to assess motivation as a factor in mental fatigue 

using subjective, performance, and physiological measures. Background: Sustained 

performance on a mentally demanding task can decrease over time. This decrement has 

two possible causes: a decline in available resources, meaning that performance cannot 

be sustained, and decrement in motivation, meaning a decline in willingness to sustain 

performance. However, so far, few experimental paradigms have effectively and 

continuously manipulated motivation, which is essential to understand its effect on 

mental fatigue.  Method: Twenty participants performed a working memory task with 14 

blocks, which alternated between reward and nonreward for 2.5 hr. In the reward blocks, 

monetary rewards could be gained for good performance. Besides reaction time and 

accuracy, we used physiological measures (heart rate variability, pupil diameter, 

eyeblink, eye movements with a video distractor) and subjective measures of fatigue and 

mental effort. Results: Participants reported becoming fatigued over time and invested 

more mental effort in the reward blocks. Even though they reported fatigue, their 

accuracy in the reward blocks remained constant but declined in the nonreward blocks. 

Furthermore, in the nonreward blocks, participants became more distractable, invested 

less cognitive effort, blinked more often, and made fewer saccades. These results showed 

an effect of motivation on mental fatigue. Conclusion: The evidence suggests that 

motivation is an important factor in explaining the effects of mental fatigue. 

� Keywords: time-on-task, effort, distraction, heart rate variability, pupil diameter 

SURFACE TRANSPORTATION 



Oliver Jarosch, Hanna Bellem, Klaus Bengler. Effects of Task-Induced 

Fatigue in Prolonged Conditional Automated Driving. S. 1186–1199. 

Objective: The aim of this study was to investigate the effects of task-induced fatigue in 

prolonged conditional automated driving on takeover performance. Background: In 

conditional automated driving, the driver can engage in non–driving related tasks 

(NDRTs) and does not have to monitor the system and the driving environment. In the 

event that the system hits its limits, the human driver must regain control of the car. To 

ensure safety, adequate driver fallback performance is necessary. Effects of the drivers’ 

state and the engagement in NDRTs need to be investigated. Method: Seventy-three 

participants experienced prolonged conditional automated rides and simultaneously had 

to engage in either an activating quiz or a fatiguing monitoring task (between subjects). 

After 50 minutes, a takeover situation occurred, and participants had to regain control of 

the car. Results: Prolonged conditional automated driving and simultaneously engaging 

in NDRTs affected the driver’s state and the takeover performance of the participants. 

Takeover performance was impaired when participants had to deal with monotonous 

NDRTs. Conclusion: An engagement in monotonous monitoring tasks in conditional 

automated driving affects the driver’s state and takeover performance when it comes to 

takeover situations. Especially in prolonged automated driving, an adequate driver state 

seems to be necessary for safety reasons. Application: The results of this study 

demonstrate that engagement in monotonous NDRTs while driving conditionally 

automated may negatively affect takeover performance. A monitoring of the driver state 

and adapted assistance in a takeover situation seems to be a good opportunity to ensure 

safety. 

� Keywords: vehicle automation, autonomous driving, human automation 

interaction, driver impairment, drowsiness, simulation, non–driving related tasks 


