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Kyle A. Bernhardt, Dmitri Poltavski. Symptoms of convergence and 
accommodative insufficiency predict engagement and cognitive fatigue 

during complex task performance with and without automation. 103152 

Deficits in the accommodative and/or vergence responses have been linked with 

inattentive behavioral symptoms. While using automated systems (e.g., self-driving cars, 
autopilot), operators (e.g., drivers, pilots, soldiers) visually monitor displays for critical 
changes, making deficits in the accommodative and/or vergence responses potentially 
hazardous for individuals remaining actively engaged in the task at hand. The purpose of 

this study was to determine if symptoms of accommodative-vergence deficits predict an 
individual's level of task engagement and cognitive fatigue while performing a flight 
simulation task with or without automation. Eighty-four participants performed a flight 

simulation task with or without automation. Prior to task completion, self-report 
accommodative-convergence deficit symptoms were assessed with the Convergence 
Insufficiency Symptom Survey (CISS). Before and after the flight simulation task 
participants rated their task engagement and cognitive fatigue. Electroencephalographic 

activity (EEG) was recorded concurrently during task performance. Results showed that 
higher scores on the CISS were related to increased feelings of fatigue and decreased 
ratings of task engagement. The CISS was also positively related to parietal-occipital fast 
alpha power during the last 10 min of the task for participants using automation, 

suggesting increased cortical idling. CISS scores did not predict performance. Results 
have implications for optimizing operator cognitive states over extended task 
performance. 

 Keywords: Convergence; Accommodation; Task engagement; Cognitive fatigue; 
EEG; Automation 

Richard J. Holden, Ephrem Abebe. Medication transitions: Vulnerable 

periods of change in need of human factors and ergonomics. 103279 

We present a novel view of transitions from the lens of patient ergonomics (the “science 
of patient work”), which posits that patients and other non-professionals perform effortful 
work towards health-related goals. In patient work transitions, patients experience 

changes in, for example, health, task demands, work capacity, roles and responsibilities, 
knowledge and skills, routines, needs and technologies. Medication transitions are a 
particularly vulnerable type of patient work transitions. We describe two cases of 

medication transitions—new medications and medication deprescribing—in which the 
patient work lens reveals many accompanying changes, vulnerabilities, and opportunities 
for human factors and ergonomics. 



 Keywords: Patient work; Patient engagement; Patient ergonomics; Transitions of 

care; Medication safety; Medical human factors 

Kaoru Leung, Kristina Shin, Fred Han, Jiao Jiao. Ergonomic mastectomy 
bra design: Effect on core body temperature and thermal comfort 

performance. 103249 

The accumulation of sweat and heat between the skin and the prosthesis is one of the 
common causes of discomfort experienced by post-mastectomy women who wore 

silicone-type external breast prostheses. This study aimed 1) to investigate the effect of 
a newly designed heat-reduction mastectomy bra on the thermal responses and thermal 
comfort performance; and 2) to propose an evaluation protocol for post-mastectomy 

products. The heat-reduction bra and the conventional bra were made of the same textile 
materials but the cup of the bra under discussion had a polyurethane cup with a 
perforated structure along the breast root/inframammary fold. The inframammary fold is 
often aggravated by heat, sweat, maceration, chafe, and lack of air circulation. Nine 

healthy male participants were recruited to participate in the study since the women who 
had undergone double-mastectomy were sensitive about their scars. An ingestible 
telemetric pill sensor was used to collect the data of core body temperature. Participants 

performed a 70-min five-phase exercise protocol wearing the heat-reduction bra and the 
conventional bra together with a silicone prosthesis with ventilation holes on the bottom. 
Physiological responses (i.e., core body temperature, skin temperature, temperature 
between bra and prosthesis, skin humidity and humidity between bra and prosthesis) and 

subjective sensation responses were measured. The results were statistically significant 
and the conventional mastectomy bra showed a higher core body temperature than that 
of the heat-reduction mastectomy bra (37.3 ± 0.3 °C to 38.2 ± 0.5 °C vs. 37.2 ± 0.3 °C 
to 38.0 ± 0.3 °C) starting from the middle of the sitting phase to the running phase and 

post-exercise resting (F = 164.2, p < 0.001). Both factors, the bra and the phase, have 
significant effects on the core body temperature (F = 14.5, p < 0.001). The heat-
reduction mastectomy bra demonstrated optimum thermal comfort performance in both 

the temperature and humidity than the conventional mastectomy bra. 

 Keywords: Breast cancer; Core body temperature; Heat-reduction; Mastectomy 
bra; Thermal comfort performance 

Sally Maynard, Wendy Jones, Ashleigh Filtness, Alistair Gibb, Roger 
Haslam. Going underground: Fatigue and sleepiness in tunnelling 
operations. 103237 

This research represents one of the first qualitative studies to investigate fatigue in the 
tunnelling sector of the construction industry. It explores the opinions of tunnellers and 
their managers about how fatigue influences or is influenced by tunnelling, and how this 
is managed. Fatigue and sleepiness were discussed in six focus groups with frontline 

workers (n = 42) and 10 manager interviews. Fatigue was seen to be a problem, with all 
participants having experienced, or recognised in others, the feeling of sleepiness whilst 
at work. Fatigue and sleepiness are not commonly discussed between tunnelling workers 

and they do not feel comfortable reporting instances of fatigue. The research shows that 
workers in the tunnelling construction sector are exposed to a wide range of occupational 
factors that potentially increase their vulnerability to fatigue, including the physical 
environment, repetitive and monotonous tasks, variable shift patterns and manual work. 

Additionally, personal factors such as social and family demands, long commute times 
and living away from home, can increase the risk of fatigue. The construction industry in 
general has gone some way to address fatigue and there is opportunity to further 

improve fatigue management. However, a major shift is needed before workers will feel 
able to openly discuss fatigue with their employer. 

 Keywords: Fatigue; Shift work; Construction industry; Safety; Sleep; Sleepiness 



Nicholas J. La Delfa, Archana Kunasegaram, Rachel Whittaker, Clark R. 
Dickerson. Determining best practices for manual pill crushing through 
evaluation of upper extremity muscle exposures. 103275 

Nurses in long-term care homes often crush pills into a fine powder using a manual pill 
crushing device. This study provides novel quantitative data on muscle loading 
experienced during pill crushing. The influence of surface height, number of pills and 
device orientation were studied in twelve muscles of the upper extremity. Variations in 

the work surface height and number of pills crushed resulted in static shoulder and 
forearm muscle activations that exceeded recommended static limits. In most cases, 
working at approximately a 50th percentile female's hip height (87 cm) reduced the level 

of muscle activity, often to below the EMG-based exposure limit, compared to higher 
heights. A perpendicularly oriented device required substantially lower muscle activity in 
some shoulder muscles, with marginal differences occurring in muscles of the elbow and 
wrist. These data can inform practical design and work practice recommendations to 

reduce muscular activity while performing this important healthcare task. 

 Keywords: Healthcare tasks; Pill crushing; Muscle exposure; Electromyography 

Jacqueline Urakami, Henrique Matulis, Shio Miyafuji, Zhengqing Li, 
Hideki Koike, Mark Chignell. Comparing immersiveness and perceptibility 
of spherical and curved displays. 103271 

Curved displays are believed to create a feeling of immersiveness similar to virtual 

reality. However systematic studies are needed to demonstrate that this is, in fact, true 
and under what conditions. In an experimental study 24 participants compared five 
different displays (concave, convex, hemisphere, sphere and a flat display) in terms of 

their immersiveness and perceptibility, and they also rated their overall preferences. 
Both immersiveness and perceptibility affected overall preference ratings. Participants 
gave higher preference ratings to the convex and concave displays, which were rated 
high in immersiveness and perceptibility, but gave lower preference ratings to the 

hemisphere/spherical display which had high ratings on immersiveness but low ratings on 
perceptibility. The study results imply that curved displays do indeed create a feeling of 
immersiveness. Concave and convex displays were rated highly favorably and should 

receive more attention for applications where visual experience and a feeling of 
immersiveness is particularly important. 

 Keywords: Curved displays; Immersiveness; Perceptibility; User preference 

Mila Orlovsky, Joachim Meyer, Alexis Mitelpunkt, Ahuva Weiss-Meilik. 
Patient monitoring as a predictor of blood culture results in a tertiary 
neonatal intensive care unit. 103233 

We present a mesoergonomic approach to the early detection of neonatal sepsis, 
analyzing clinical data for 4999 patients from a neo-natal intensive care unit to predict 
positive culture results. The Apgar score at birth predicted positive results. For neonates 
with poor and intermediate Apgar scores, culture results for monitored infants were more 

likely to be positive than those for unmonitored infants. Thus, the medical staff tended to 
monitor infants who eventually had a greater chance for positive test results. A cost-
effectiveness analysis indicated that for infants with high Apgar scores, the physician 

should decide whether to obtain a blood culture, based on the patient's characteristics. 
For infants with lower Apgar scores, it may be advisable to obtain a blood culture 
whenever one decides to monitor a neonate. The study demonstrates that staff decisions 
regarding a patient can serve as input for further clinical decision-making. 



 Keywords: Clinical decision making; Late onset neonatal sepsis; Naturalistic 

decision making 

Adella Bhaskara, Lain Duong, James Brooks, Ryan Li, Ronan McInerney, 
Michael Skinner, Helen Pongracic, Shayne Loft. Effect of automation 

transparency in the management of multiple unmanned vehicles. 103243 

Automated decision aids can undoubtedly benefit system performance, but have the 
potential to provide incorrect advice, creating the possibility for automation disuse or 

misuse. This paper examined the extent to which increased automation transparency 
could improve the accuracy of automation use in a simulation of unmanned vehicle 
control. Participants were required to assign the best unmanned vehicle to complete 

missions. An automated recommender system provided advice but was not always 
reliable. Three levels of automation transparency were manipulated between-
participants. Providing transparency regarding the reasoning underlying automated 
recommendations improved the accuracy of automation use, with no cost to decision 

time or subjective workload. Higher transparency in the form of projected decision 
outcome visualizations led to faster decisions, but less accurate automation use and an 
automation bias. Implications for the design of transparent interfaces to improve human-

autonomy teaming outcomes in time-pressured environments are discussed. 

 Keywords: Automation; Human-autonomy teaming; Unmanned vehicles 

Jean-Baptiste Riccoboni, Tony Monnet, Antoine Eon, Patrick Lacouture, 
Jean-Pierre Gazeau, Mario Campone. Biomechanical comparison between 

manual and motorless device assisted patient handling: sitting to and 
from standing position. 103284 

Although lots of assistive devices have been studied to fight against caregivers' work-
related musculoskeletal disorders, stand-and-turn devices effects on biomechanical 
constraints are still unknown. The aim of this study is to provide and compare 

quantitative data on loads in the low back area resulting from the use of a motorless 
stand-and-turn device and from manual patient handling. Nine caregivers participated to 
motion capture and ground reaction forces measurement sessions of three cases of 
handling: manual handling with one caregiver, manual handling with two caregivers, 

motorless device assisted handling. Forces and torques at the L5/S1 joint were computed 
through Inverse Dynamics process. Motorless device assisted handling required the 
smallest loads whereas manual handling with one caregiver required the biggest loads, 
the latter being in some cases twice as big as the former. Caregivers should use a stand-

and-turn device when handling a patient from sitting/standing to standing/sitting position 
whenever it is possible. 

 Keywords: Musculoskeletal disorders; Caregiver; Patient transfer 

Gourab Kar, Alan Hedge. Effect of workstation configuration on 
musculoskeletal discomfort, productivity, postural risks, and perceived 
fatigue in a sit-stand-walk intervention for computer-based work. 
103211 

Objective: Compare musculoskeletal discomfort, productivity, postural risks, and 
perceived fatigue for a sit-stand-walk intervention between two workstation 

configurations – one, individually customized for office workers according to ergonomic 
guidelines (Ergo-Fit); another, self-adjusted by office workers according to their 
preference (Self-Adjusted). Methods: 36 participants performed a 60-min computer 

typing task in both configurations using a within-participants, counterbalanced design. 
Musculoskeletal discomfort and perceived fatigue were reported through surveys; 



productivity was operationalized by typing speed and typing error; postural risks were 

assessed by RULA for seated work, and REBA for standing work. Results: 
Musculoskeletal discomfort and perceived fatigue did not vary significantly between 
configurations. Postural risks for seated and standing work were significantly lower for 

Ergo-Fit configuration; productivity was significantly higher for Self-Adjusted 
configuration. Conclusion: Use of Ergo-Fit configuration for a sit-stand-walk intervention 
can facilitate postural transitions and increase physical activity, while enabling neutral 
postures in seated and standing work to minimize postural risks. 

 Keywords: Sit-stand workstations; Musculoskeletal discomfort; Perceived 
fatigue; Productivity; Postural risks 

Jaime Cantu, Janice Tolk, Steve Fritts, Amin Gharehyakheh. 
Interventions and measurements of highly reliable/resilient 
organization implementations: A literature review. 103241 

Since the inception of High Reliability Theory in 1981, researchers and practitioners have 

theorized about the questions, “How do you know if you're an HRO, and how do you 
validate it?” Evidence now exists that organizations seeking high reliability and resilience 
have moved away from the theoretical phase, and into the application phase where 

organizations adopt the HRO hallmarks plus culture as operational targets and create 
interventions to effect change. The evidence of high reliability operations in organizations 
is key for validating that HRO is implementable and is also beneficial. After collecting 
over 1400 artifacts, we found 34 scholarly efforts published which purposefully targeted 

implementation measures toward achieving an HRO state and measured the outcomes. 
From that evidence, we concluded that three specific interventions have been used which 
were useful and generalizable to guide practitioners in moving toward an HRO state: 
process redesign, training, and organization redesign. We suggest that this evidence may 

assert that organizations which are not functioning as an HRO can be redesigned to do 
so. 

 Keywords: High reliability organization; Resilience; High reliability 

implementation 

Julia Gräf, Klaus Mattes, Kerstin Luedtke, Bettina Wollesen. Improved 
neck posture and reduced neck muscle activity when using a novel 

camera based workstation for manual precision inspection tasksth . 
103147 

Purpose: This study investigates the effects of the usage of a novel camera system 

compared to a conventional lens system for manual precision tasks. Utilizing the novel 
camera system aims to improve neck posture, reduce neck muscle tension and thereby 
minimize the risk of neck pain. Methods: Camera and lens systems were compared by 

assessing the craniovertebral angle (CVA), electromyographic activity of the M.trapezius 
and perceived exertion. 16 healthy participants (n = 8 female, 24 ± 2 years; n = 8 male, 
30 ± 5 years) performed manual precision tasks in a cross-over design using both 
systems in sitting and standing positions. Results: Analyses showed that using the 

camera system improved the CVA in sitting [28.4° (22.8°–33.9°) to 42.5° (38.9°–
46.1°); p < 0.01] and decreased the M.trapezius activity in standing [13.1% (7.7%–
18.6%) to 8.65% (5.49%–11.81%)]. Additionally, overall and neck specific perceived 

exertion decreased when using the camera system in standing. Conclusions: The 
camera system may prevent neck pain in workers performing manual precision tasks in 
sitting and standing postures. 

 Keywords: Manual-repetitive work; Neck pain; Ergonomics 



Benjamin Pierson, Paul Faestel, June T. Spector, Peter Johnson. 
Preliminary comparison of vibration measurement accuracy between a 
low cost, portable acceleration measurement unit and a gold-standard 

accelerometer system. 103268 

Characterization of Whole-Body Vibration (WBV) exposure is important for the 
development and evaluation of mitigation strategies for occupational WBV. However, 

barriers associated with cost and complexity limit widespread use of current gold-
standard accelerometer (GSA) measurement systems. Small, simple, low cost 
Acceleration Measurement Unit (AMU) devices with built-in batteries and memory 
potentially allow for more efficient collection of WBV data, but the measurement accuracy 

of these devices need to be evaluated. Using known acceleration inputs generated by an 
accelerometer calibrator and field collected vibration profiles simulating real-world 
vibration exposures, the measurements of an AMU device and GSA system were 

compared. Analysis of accelerometer calibrator data showed no significant difference in 
weighted acceleration (Aw) measurements between the systems (mean difference 
−0.001 m/s2, p = 0.95). In field collected vibration profile testing, differences in Aw 
measurements were small (0.06 m/s2, 4.6%). These results suggest the AMU evaluated 

in this study may be acceptable for measuring occupational WBV. 

 Keywords: Whole-Body vibration; Back pain; Ergonomics tools and methods; 
Transportation ergonomics; Military ergonomics 

Kristoffer L. Norheim, Afshin Samani, Pascal Madeleine. The effects of 

age on response time, accuracy, and shoulder/arm kinematics during 
hammering. 103157 

The aim of this study was to investigate the effects of age on response time and accuracy 
during a hammering task. Older male workers aged 51–69 years (older group: OG, 
n = 23) and younger male reference individuals aged 25–36 years (younger group: YG, 

n = 16) performed the experiment. Response time, accuracy, and 3D shoulder/arm 
kinematics were acquired using motion capture. The effects of age were investigated 
using linear mixed model analysis. Response times were significantly longer for OG 
compared with YG (P < 0.001) while no marked differences in the accuracy was observed 

(P = 0.729). OG showed less hammer displacement and smaller range of motion in the 
shoulder. Although older workers seemed to use a less biomechanical demanding motor 
strategy, their response times during hammering were about twice that of younger 
individuals. 

 Keywords: Age; Motor control; Hammering 

Christopher S. Pan, Xiaopeng Ning, Bryan Wimer, Joyce Zwiener, Tsui-
Ying Kau. Biomechanical assessment while using production tables on 

mast climbing work platforms. 103276 

The objective of this study was to assess the impact of using alternative mast climbing 

work platform (MCWP) designs on trunk motion and postural stability with masonry 
workers while performing bricklaying and stepping down tasks using a conventional 
MCWP setting (i.e. with a step deck) as well as two types of production tables (straight- 
and L-shaped). The trunk angles and postural sway parameters of twenty-five masonry 

workers were recorded for the following tasks: (1) standing on a simulated MCWP and 
laying bricks on an adjacent wall, and (2) stepping down onto the step deck to get into 
position for doing the bricklaying task. Results indicated that the use of the L-shaped 
production table resulted in the lowest trunk ranges of motion and significantly reduced 

the workers' trunk angles in all three planes when compared to both the straight-shaped 
production table and the conventional approach of not using a production table. Data 



showed that both body sway velocity and area were significantly reduced when using 

either one of the production tables. The use of production tables significantly reduced 
impact sway forces when workers stepped from the main platform to the step deck. The 
use of production tables on MCWPs improved workers’ postures and overall stability, 

which could reduce the risk of injury. 

 Keywords: Mast climbing work platform; Production table; Back injury; Postural 
stability 

Valerie O'Keeffe, Carolyn Boyd, Craig Phillips, Michelle Oppert. Creating 

safety in care: Student nurses’ perspectives. 103248 

Nursing is often hazardous work. Promoting safety and care requires nurses to apply 
knowledge, skill and creativity in patient encounters. Nurses' risk exposures are well 

documented, with research on student nurses' safety more limited. We studied final-year 
nursing students’ risk perceptions using questionnaire-based vignettes involving four 
patient presentations on patient aggression, manipulating patient and resource risk 

factors. We found student nurses were most likely to ask for help and wait when 
managing high-risk patient aggression scenarios. Student nurses placed most importance 
on their own safety and patient condition in making decisions. Resource risk significantly 
interacted with gender, with male nurses more likely to seek help when risks were high. 

There is need to improve student nurse training on managing patient aggression by 
promoting creative approaches to problem solving and critical thinking using simulation 
techniques to enhance situation awareness and translate knowledge to practice. 

 Keywords: Student nurses; Aggression; Risk perception; Creativity 

Chuhao Wu, Jackie Cha, Jay Sulek, Chandru P. Sundaram, Juan Wachs, 
Robert W. Proctor, Denny Yu. Sensor-based indicators of performance 

changes between sessions during robotic surgery training. 103251 

Training of surgeons is essential for safe and effective use of robotic surgery, yet current 
assessment tools for learning progression are limited. The objective of this study was to 

measure changes in trainees’ cognitive and behavioral states as they progressed in a 
robotic surgeon training curriculum at a medical institution. Seven surgical trainees in 
urology who had no formal robotic training experience participated in the simulation 
curriculum. They performed 12 robotic skills exercises with varying levels of difficulty 

repetitively in separate sessions. EEG (electroencephalogram) activity and eye 
movements were measured throughout to calculate three metrics: engagement index 
(indicator of task engagement), pupil diameter (indicator of mental workload) and gaze 
entropy (indicator of randomness in gaze pattern). Performance scores (completion of 

task goals) and mental workload ratings (NASA-Task Load Index) were collected after 
each exercise. Changes in performance scores between training sessions were calculated. 
Analysis of variance, repeated measures correlation, and machine learning classification 

were used to diagnose how cognitive and behavioral states associate with performance 
increases or decreases between sessions. The changes in performance were correlated 
with changes in engagement index (rrm=−.25,p<.001) and gaze entropy 
(rrm=−.37,p<.001). Changes in cognitive and behavioral states were able to predict 

training outcomes with 72.5% accuracy. Findings suggest that cognitive and behavioral 
metrics correlate with changes in performance between sessions. These measures can 
complement current feedback tools used by medical educators and learners for skills 

assessment in robotic surgery training. 

 Keywords: Robotic surgery; Eye tracking; Electroencephalogram; Simulated 
training; Performance 



Pernille Kold Munch, Charlotte Diana Nørregaard Rasmussen, Marie Birk 
Jørgensen, Anne Konring Larsen. Which work environment challenges 
are top of mind among eldercare workers and how would they suggest 

to act upon them in everyday practice? Process evaluation of a 
workplace health literacy intervention. 103265 

The purpose of this study was to identify challenges and action plans from 2.497 

structured communication sessions between employee and supervisor and to gain insight 
into the processes of a quasi-experimental stepped wedge clustered intervention, which 
implemented workplace health literacy for reducing musculoskeletal pain among 

eldercare workers. Most challenges concerned staffing (17%), organisation of tasks 
(15%) and team work (14%). Most action plans concerned communication (18%), team-
work (16%) and handling residents (14%). Half of the plans were solved at another level 
in the organisation than the challenge appeared. Actions planned on the individual level 

had the highest implementation rate (52%). The results underline the advantages in 
considering solutions to work environment and health challenges broadly at all levels in 
the organisation and the relevance of involving both the employee and the 
organisation/management in identifying and implementing solutions. 

 Keywords: Communication; Musculoskeletal pain; Workers; Nursing homes 

Rachel H.Y. Ma, Andrew Morris, Paul Herriotts, Stewart Birrell. 
Investigating what level of visual information inspires trust in a user of a 

highly automated vehicle. 103272. 

The aim of this research is to investigate whether visual feedback alone can affect a 

driver's trust in an autonomous vehicle, and in particular, what level of feedback (no 
feedback vs. moderate feedback vs. high feedback) will evoke the appropriate level of 
trust. Before conducting the experiment, the Human Machine Interfaces (HMI) were 
piloted with two sets of six participants (before and after iterations), to ensure the 

meaning of the displays can be understood by all. A static driving simulator experiment 
was conducted with a sample of 30 participants (between 18 and 55). Participants 
completed two pre-study questionnaires to evaluate previous driving experience, and 
attitude to trust in automation. During the study, participants completed a trust 

questionnaire after each simulated scenario to assess their trust level in the autonomous 
vehicle and HMI displays, and on intention to use and acceptance. The participants were 
shown 10 different driving scenarios that lasted approximately 2 minutes each. Results 

indicated that the ‘high visual feedback’ group recorded the highest trust ratings, with 
this difference significantly higher than for the ‘no visual feedback’ group (U = .000; p = 
<0.001 < α) and the ‘moderate visual feedback’ group (U = .000; p = <0.001 < α). 
There is an upward inclination of trust in all groups due to familiarity to both the 

interfaces and driving simulator over time. Participants' trust level was also influenced by 
the driving scenario, with trust reducing in all displays during safety verses non-safety-
critical situations. 

 Keywords: Autonomous vehicles; Trust; Visual feedback; HMI; Driving simulator 

Firdaous Sekkay, Daniel Imbeau, Philippe-Antoine Dubé, Yuvin Chinniah, 
Nathalie de Marcellis-Warin, Nancy Beauregard, Martin Trépanier. 
Assessment of physical work demands of long-distance industrial gas 
delivery truck drivers. 103224 

Aim: The aim of this study was to assess the work-related physical demands of long-

distance truck drivers employed by a large gas delivery company in Canada. Methods: A 
total of 15 truck drivers participated in a data collection that included self-reporting 
assessments, field observations, and direct measurements to describe daily tasks 



organization, postural demands, physical workload, and force exertions. Results: Truck 

drivers' work was characterized by long working days ranging from 9.9 to 15.1 h 
(mean = 11.4 h), with half (49%) of the total working time spent behind the wheel. The 
overall workload as measured by relative cardiac strain (18.7% RHR) was found 

excessive for the long term given the shift duration. Peaks of heart rate in excess of 30 
beats per minute above the daily average occurred mainly while operating valves and 
handling heavy hoses during gas deliveries. The task of delivering gas at a client's site 
required a moderate work rate on average (8.3 mlO2/kg/min) requiring 24.4% or 

maximum work capacity on average. Conclusion: Based on multiple data sources, this 
study highlights the risks of over-exertion and of excessive physical fatigue in the truck 
drivers’ work that are coherent with the high prevalence of self-reported musculoskeletal 
pain in this group of workers. 

 Keywords: Long-distance truck drivers; Industrial gas delivery; Over-exertion; 
Physical workload; MSD 

Michelle Silveira Denadai, Sandra Regina Alouche, Daniela Pereira 
Valentim, Rosimeire Simprini Padula. An ergonomics educational 
training program to prevent work-related musculoskeletal disorders to 

novice and experienced workers in the poultry processing industry: A 
quasi-experimental study. 103234 

This quasi-experimental study was conducted in a poultry processing industry with the 

aim of assessing the benefits of ergonomics educational training for novice and 
experienced workers in preventing work-related musculoskeletal disorders. 
Sociodemographic and occupational questionnaires were used to evaluate age, marital 
status, education, time in job, musculoskeletal complaints and pain intensity, perceived 

effort, biomechanical exposure, and perception of ease or difficulty in adoption of 
ergonomics educational training. Musculoskeletal complaints in the neck, back, and wrists 
were reduced with training, but pain intensity was reduced only in the wrist region. A 

reduction in the occupational biomechanical exposure from the baseline to immediately 
post-training and 2 months after training both for novice and experienced workers was 
also observed. The novice workers group differed from the experienced workers by 
presenting a higher reduction of biomechanical exposure in the cutting room. All workers 

in this study benefited from the ergonomics educational training in the short and medium 
term. However, the success of training was highly dependent on the content and 
approach of the training. 

 Keywords: Human factors; Musculoskeletal disorders; Occupational health; Risk 

factors 

Antti Surma-aho, Katja Hölttä-Otto, Kaisa Nelskylä, Nina C. Lindfors. 
Usability issues in the operating room – Towards contextual design 

guidelines for medical device design. 103221. 

Most usability assessments of medical devices describe the problems of individual devices 

in detail, but few account for the real context of use or provide designers with actionable 
guidelines for improvement. To fill this gap, this paper reports the results of a case study 
on the usability of operating room technologies and documents the creation of contextual 
design guidelines for operating room device design. We spent 64 h in a gynecological 

operating unit conducting interviews with staff and observing device use during surgery. 
With qualitative analysis methods and based on existing usability principles, we created 
21 design guidelines for the operating room context. The new guidelines highlight 
interactions between multiple devices, staff members, as well as other contextual factors. 

While the guidelines require further validation, they can potentially support the creation 
of more safe, ergonomic, and intuitive medical devices. 



 Keywords: Usability; Operating room; Design guidelines 

Joseph Smyth, Paul Jennings, Peter Bennett, Stewart Birrell. A novel 
method for reducing motion sickness susceptibility through training 

visuospatial ability – A two-part study. 103264 

Everyone can be susceptible to motion sickness (except those with complete loss of 
labyrinth function) and around one in three are known to be servery susceptible. Motion 
sickness can be experienced in many domains, including car travel, on a boat, using 

virtual reality headsets and simulator use amongst others. It is expected that due to 
potential designs and use cases, self-driving cars will increase motion sickness onset 
likelihood and severity for many car travellers. Besides medication, there are limited 

methods through which one can actively reduce their motion sickness susceptibility. This 
research develops a novel visuospatial training tool and explores the effect of visuospatial 
training on motion sickness. With a combined sample of 42 participants split between 
driving simulator trials (n = 20), and on-road trials (n = 22) baseline visuospatial skills 

and motion sickness were first measured. After a 14-day training period where 
participates completed 15-min of pen and paper tasks per day, it was found that 
visuospatial skills improved by 40%. This increase in visuospatial ability was shown to be 

directly responsible for a reduction in motion sickness by 51% in the simulator (with a 
60% reduction in participant dropouts) and a 58% reduction in the on-road trial. This 
research has successfully identified a new method to reduce motion sickness 
susceptibility and the impact of these findings have wide reaching implications for motion 

sickness research, especially in the field of self-driving vehicles. 

 Keywords: Human factors; Motion sickness; Driving simulator; Carsickness; 
Visuospatial; Mental rotation 

Christopher A.B. Moore, Daniel P. Armstrong, Steven L. Fischer. 
Exploring the prospective efficacy of waste bag-body contact allowance 
to reduce biomechanical exposure in municipal waste collection. 103182 

Municipal waste collectors must avoid bag-body contact, requiring waste bags to be held 
further from the body. Donning sharps-proof clothing would permit bag-body contact, 
allowing the bag to be closer to the body, reducing biomechanical exposures. To test this 

hypothesis, 25 participants loaded waste bags into a simulated garbage truck hopper 
under two lifting (contact allowed, no contact) and bag mass (7 kg and 20 kg) conditions. 
Bottom-up rigid-link biomechanical modelling results including peak low back 
compression force, antero-posterior shear force and peak low back flexion angle were not 

different between the lifting conditions, but cumulative compression was decreased with 
bag-body contact, although only at the 20 kg mass. Bag mass had significant effects on 
outcome measures, causing compression to increase to 4663 (±697) N, exceeding 
recommended thresholds. Sharps-proof clothing and municipally mandated 23 kg 

maximum allowable bag mass restrictions may not sufficiently reduce biomechanical 
exposures to prevent MSD. 

 Keywords: Occupational lifting; Ergonomics; Sharps-proof clothing 

Xu Sun, Shi Cao, Pinyan Tang. Shaping driver-vehicle interaction in 
autonomous vehicles: How the new in-vehicle systems match the human 
needs. 103238 

Autonomous vehicle (AV) technology has brought a shift in the traditional role of the 
driver. This paper applies a user-centred design approach to designing a new AV interior 
to better support drivers. Three empirical studies were conducted, involving a total of 92 

drivers (with 44 in Study 1, 12 in Study 2, and 36 in Study 3) to explore user needs and 



requirements in an AV. In Study 1, safety and comfort, together with a variety of non-

driving activities, were identified as the principal concerns about future autonomous 
vehicles. Based on these findings, Study 2 proposes a new rotatable seating position for 
AVs, with an in-vehicle information display to facilitate users' activities and situational 

awareness while driving. Study 3 consists of a series of laboratory simulator evaluation 
studies, and this indicated that drivers in the proposed design condition had better 
situational awareness in an AV when dealing with take-over situations. Such findings 
suggest the possibility of applying rear-facing seats in autonomous vehicles to support 

in-vehicle non-driving activities. Some specific implications of designs to enhance a 
driver's situational awareness have also been suggested. 

 Keywords: Driver-vehicle interaction; Autonomous vehicles; In-vehicle system; 
Human needs 

Arthur D. Stewart, Matthew Gardiner, Jonathan MacDonald, Hector 
Williams. The effect of harness suspension on a simulated maintenance 

task efficacy in the renewable energy industry. 103247 

Building, bridge or wind turbine maintenance requires manual dexterity tasks by a 
specialist rope-access trained workforce via two principal means: harness suspension of 

individual workers from above, or deployment of a suspended platform or cradle from 
which workers access the structure to be maintained. Currently no published research 
compares accuracy and efficiency of simulated maintenance tasks between these 
modalities. This study investigated manual dexterity task performance of peg placement 

and shape delineation in seated, standing and suspended environments in 16 healthy 
controls and 26 professional rope-access trained individuals. Both seated and standing 
assessments were superior to those suspended, and height of suspension, total mass and 
years of experience had no influence on the task outcome. These findings suggest that, 

where feasible, cradle suspension mechanisms which permit standing maintenance are 
favourable in terms of task efficacy and where feasible, should be considered for 
deployment in wind energy and other engineering applications. 

 Keywords: Rope-access; Harness suspension; Task performance; Pegboard; 
Shape delineation 

Tim André Schmidt, Houda Kerkoub Kourdali, Jim Nixon. Evaluating 

process-based and crew- centred approaches to procedure design in 
aviation: workload and performance changes in go-around manoeuvres. 
103244 

In this article, we compare and evaluate two methods of procedure design using an 
aircraft go-around (GA) as a test scenario. We contrast the manufacturer specified, crew-
centric procedure with a redesigned process-centred perspective. We test the claim that 

the process-centred design can take into account situational factors more effectively and 
generate less workload. We report a heuristic assessment of the new procedure against 
design guidelines and an evaluation in a full-flight simulator at the German Aerospace 
Centre (DLR) using qualified airline pilots to assess workload and performance. Both the 

manufacturer specified and new procedure were employed in three GA scenarios 
representative of increasing operational complexity. Results demonstrate an advantage 
for the new procedure design in the most complex scenario. The new, process-based 

procedure can reduce reported crew workload and improve response flexibility in more 
complex scenarios, improving rated performance. This study suggests that the process-
based account in procedure design has advantages when compared to the flight crew-
centric approach. These advantages include enhanced flexibility, robustness and 

improved crew performance during GA. 



 Keywords: Standard operating procedures; Go-around; Procedure design; 

Workload 

Brendan Bettinger, James C. Benneyan, Tannaz Mahootchi. Antibiotic 
stewardship from a decision-making, behavioral economics, and 

incentive design perspective. 103242 

Antibiotic-resistant infections cause over 20 thousand deaths and $20 billion annually in 
the United States. Antibiotic prescribing decision making can be described as a “tragedy 

of the commons” behavioral economics problem, for which individual best interests 
affecting human decision-making lead to suboptimal societal antibiotic overuse. In 2015, 
the U.S. federal government announced a $1.2 billion National Action Plan to combat 

resistance and reduce antibiotic use by 20% in inpatient settings and 50% in outpatient 
settings by 2020. We develop and apply a behavioral economics model based on game 
theory and “tragedy of the commons” concepts to help illustrate why rational individuals 
may not practice ideal stewardship and how to potentially structure three specific 

alternate approaches to accomplish these objectives (collective cooperative management, 
usage taxes, resistance penalties), based on Ostrom's economic governance principles. 
Importantly, while each approach can effectively incentivize ideal stewardship, the latter 

two do so with 10–30% lower utility to all providers. Encouraging local or state-level self-
managed cooperative stewardship programs thus is preferred to national taxes and 
penalties, in contrast with current trends and with similar implications in other countries. 

 Keywords: Tragedy of the commons; Antibiotic stewardship; Overuse; Incentive 

design 

Valérie Hervieux, Angelo Tremblay, Caroline Biron. Active meetings on 
stationary bicycle: An intervention to promote health at work without 

impairing performance. 103269 

Workers who experienced prolonged sitting have higher risk of mortality from all causes 
compared to non-sedentary workers. However, work can also be a health enhancement 

opportunity and it also can be designed to improve health and well-being. This research 
presents a novel intervention designed to reduce sedentary behavior in the workplace. 
Seven teams of employees (N = 30) conducted two meetings: one in a sitting position 

and one on a stationary bike. Repeated measures for heart rate, perceptions of stress, 
well-being, focus, attention and fatigue were collected before, during and after both 
meetings. Heart rate was significantly higher during active meeting. Results also 
indicated a significant effect of active meeting on stress. Well-being, focus and attention 

were similar during both meetings. Fatigue was perceived to be reduced in the hours 
following the active meeting. This suggests that active meetings can promote health 
without impairing performance which offers new perspectives for interventions. 

 Keywords: Active meetings; Sedentary behavior; Physical activity 

Taekbeom Yoo, Haehyun Lee, Soomin Hyun, Woojin Park. Mode 
displaying mouse cursors for reducing input language mode confusion: 

Utility and user attitude evaluation. 103170 

Users frequently commit typing errors due to input language mode confusion (ILMC) 
when switching between multiple languages. This study evaluated two mode display 

cursors (MDCs) as a potential solution to ILMC: the monochrome and color-changing 
MDCs. Two experiments were conducted to evaluate the two MDCs in different 
dimensions of usability. Experiment 1 evaluated the effects of MDCs on ILMC and related 
typing errors and Experiment 2, on self-reported preference, acceptance and annoyance. 

In Experiment 1, 45 participants were divided into three groups, that each performed 



multi-language typing using an ordinary mouse cursor and the two MDCs. The color-

changing MDC was found to significantly reduce ILMC and related typing errors compared 
to the ordinary mouse cursor (p < .001). In Experiment 2, 30 participants performed 
three typical computer tasks using both MDCs. The mean annoyance rating was 

significantly larger for the color-changing MDC than for the monochrome MDC 
(p = .037). 

 Keywords: Input language mode confusion; Multi-language typing; Mode 
displaying mouse cursor 

Héctor Ignacio Castellucci, Carlos Viviani, Pedro Arezes, Johan F.M. 
Molenbroek, Marta Martínez, Verónica Aparici. Application of mismatch 
equations in dynamic seating designs. 103273 

Anthropometry is critical for product and workplace design. Highly prevalent, office work 
is associated with sedentarism and physical discomfort due to prolonged sitting. Dynamic 
seating (alternating across sitting, perching, and standing) has been suggested as an 

alternative to overcome those problems. The current study tested a large sample of 
anthropometric data for mismatch levels against national and international office 
furniture standards using dynamic seating as a framework with traditional and perching 

mismatch equations, applied to three recommended dynamic seating components. 
Dimensions present in the standards used did not match the majority of the sample. For 
sitting, seat width and depth individually presented the lowest levels of match, as well as 
under cumulative fit of all office furniture dimensions. However, these were alleviated 

when incorporating adjustability. Perching was shown to be generally impeded given 
commercially-available chair height options. Limitations in state-of-the-art perching 
equations are discussed, and two new models are proposed as design alternatives. 
Further research should focus on testing the criteria presented in this research through 

discomfort and objective measures. 

 Keywords: Perching; Sitting; Posture; Comfort; Office 

Ksander N. de Winkel, Paolo Pretto, Suzanne A.E. Nooij, Iris Cohen, 
Heinrich H. Bülthoff. Efficacy of augmented visual environments for 
reducing sickness in autonomous vehicles. 103282 

The risk of motion sickness is considerably higher in autonomous vehicles than it is in 
human-operated vehicles. Their introduction will therefore require systems that mitigate 
motion sickness. We investigated whether this can be achieved by augmenting the 
vehicle interior with additional visualizations. Participants were immersed in motion 

simulations on a moving-base driving simulator, where they were backward-facing 
passengers of an autonomous vehicle. Using a Head-Mounted Display, they were 
presented either with a regular view from inside the vehicle, or with augmented views 
that offered additional cues on the vehicle’s present motion or motion 500ms into the 

future, displayed on the vehicle’s interior panels. In contrast to the hypotheses and other 
recent studies, no difference was found between conditions. The absence of differences 
between conditions suggests a ceiling effect: providing a regular view may limit motion 

sickness, but presentation of additional visual information beyond this does not further 
reduce sickness. 

 Keywords: Motion; Sickness; Anticipatory; Predictive; Visual; Autonomous; 
Vehicles 

Jie Zhou, Neal Wiggermann. The effects of hospital bed features on 
physical stresses on caregivers when repositioning patients in bed. 
103259 



Repositioning patients in bed is the most common patient handling activity and is 

associated with musculoskeletal disorders in caregivers. Hospital bed features may 
mitigate the risk of injury. The current study investigated the effect of bed features on 
the physical stress on caregivers. Ten nurses were recruited to perform three 

repositioning activities. Hand forces were recorded, and spine loading was estimated 
using a dynamic biomechanical model. Results demonstrated that except for the peak 
L5/S1 compressive load in the turning task, the use of assistive features significantly 
reduced the physical stresses for all repositioning activities. However, recommended 

thresholds for injury were still exceeded in many conditions. Compared with spinal load, 
hand force was much higher relative to the injury thresholds, suggesting a greater risk of 
shoulder and upper extremity injuries than low back injury. Mechanical lift equipment 
remains the safest and most robust way to reposition a patient. 

 Keywords: Patient handling; Patient repositioning; Musculoskeletal disorders; 
Physical stress; Hospital bed features 

Thorsten Plewan, Benedikt Mättig, Veronika Kretschmer, Gerhard 
Rinkenauer. Exploring the benefits and limitations of augmented reality 
for palletization. 103250 

Superimposing virtual visual information within the real world is referred to as 
augmented reality (AR). This technique becomes increasingly popular and due to 
technical advances can be applied to various purposes ranging from consumer 
entertainment to industrial use cases. Workplaces equipped with AR assistance-systems 

promise fast and accurate performance. Within the field of intralogistics, palletization 
constitutes a field of application which may benefit from guidance by AR. In the present 
investigation, participants performed a palletization task while they received instructions 
via three different devices (paper list, tablet, AR glasses). Performance data and 

subjective ratings were obtained. Participants subjectively preferred to work with the AR 
device. Number of errors was reduced while at the same time handling times were 
prolonged when the AR device was used. In all experimental conditions, performance 

improved in the course of the experiment. Least improvement was observed in the AR 
condition, which emphasizes that such applications allow decent performance without 
prior experience. Overall, the present results indicate that the utility of AR applications is 
limited when task demands are low. Such applications might be more useful in unclear 

and complex situations. Furthermore, AR possesses high hedonic qualities which may 
ease the integration of novel work processes. 

Jeffrey Lidstone, Gwen Malone, Ryan Porto, Allison Stephens, Marty 
Smets, Marc Banning, Joel Cort. A survey of right-angle power tool use in 
Canadian automotive assembly plants. 103171 

Right-angle power-tools (RAPT) employed in automotive manufacturing promote greater 

productivity and quality fastenings, as well as, improve process efficiency. Due to RAPT 
technological advances automotive manufactures desire to understand their ergonomics 
consequences within a laboratory environment, however, laboratory-based 

representation must accurately represent the real world. A survey within automotive 
assembly plants was conducted to capture RAPT operation data. After examining 80 total 
RAPT operations, we logged the 3D locations of the fastener location (with respect to the 
operator), direction and the hand placement location used by operators. Four common 

locations with respect to the midpoint between the ankle (in cm; X = sagittal plane, Y = 
transverse plane, Z = coronal plane): 1) 2, 113, 62; 2) 42, 104, 45; 3) -26, 151, 36; 4) 
-37, 92, 52. These locations can be used to simulate RAPT operations within a laboratory. 

The survey provided insight into current workstation layout when operating RAPTs and, 
knowledge for laboratory-based RAPT examinations so that simulated tasks best 
represent their operation in automotive manufacturing. 



 Keywords: Ergonomics; Power-tools; Workstation Design; Automotive Assembly 

C.C. Roossien, L.A. Krops, J.B. Wempe, G.J. Verkerke, M.F. Reneman. Can 
breathing gases be analyzed without a mouth mask? Proof-of-concept 

and concurrent validity of a newly developed design with a mask-less 
headset. 103266 

A portable headset has been developed to analyze breathing gases and establish the 

energetic workload of physically active workers. This proof-of-concept study aimed to 
investigate the following: (1) the validity of the headset compared to indirect calorimetry 
using a mouth mask; (2) the validity of the headset compared to the validity of oxygen 
consumption (V ̇O2) estimated on the basis of heart rate; (3) the influence of wind on 

validity; and (4) user experiences of the headset. Fifteen subjects performed a 
submaximal cycling test twice, once with the headset, and once with a mouth mask and 
heartrate monitor. Concurrent validity of the headset was analyzed using an intraclass 

correlation coefficient (ICC). Across all phases, a good correlation between the headset 
and mouth mask was observed for V ̇O2, carbon dioxide production (V ̇CO2) and exhaled 
volume (V ̇E) (ICC≥0.72). The headset tended to underestimate V ̇O2, V ̇CO2 and V ̇E at low 

intensities and to overestimate it at higher intensities. The headset was more valid for 
estimating V ̇O2 (ICC = 0.39) than estimates based on heart rate (ICC = 0.11) (n = 7). 

Wind flow caused an overestimation (md ≥ 18.4 ± 16.9%) and lowered the correlation of 
V ̇O2 between the headset and the mouth mask to a moderate level (ICC = 0.48). The 

subjects preferred the headset over the mouth mask because it was more comfortable, 

did not hinder communication and had lower breathing resistance. The headset appears 
to be useable for monitoring development of the energetic workloads of physically active 
workers, being more valid than heart rate monitoring and more practical than indirect 
calorimetry with a mouth mask. Proof-of-concept was confirmed. Another design step 

and further validation studies are needed before implementation in the workplace. 

 Keywords: Energy expenditure; Energetic workload; Physically demanding jobs; 
Blue-collar worker; Indirect calorimetry; Cardiopulmonary exercise testing 

Matt Wilkes, Rebecca Charles, Geoff Long, Heather Massey, Clare Eglin, 
Michael Tipton. Ergonomics of paragliding reserve parachute deployment 
in linear acceleration. 103229 

 Keywords: Equipment failure; Personal protective equipment; Accidents; Aviation 

Sebastian Will, Barbara Metz, Thomas Hammer, Raphael Pleß, Matthias 
Mörbe, Markus Henzler, Frederik Harnischmacher. Relation between 

riding pleasure and vehicle dynamics - Results from a motorcycle field 
test. 103231 

Powered two-wheelers are a common means of transport all over the world. In several 
countries, primary motorcycles with high displacement involve another purpose, namely 
motorcycling is a leisure activity. Motorcycles are used as tools of transport pleasure as 
opposed to being purely used for individual commuting purposes. The aim of the current 

study involves investigating the relation between experienced riding pleasure and riding 
behavior in a field test. Specifically, N = 12 motorcyclists between 21 and 66 years of 
age were observed while riding for approximately 8 h on public roads. The measurement 

setup included a logger for vehicle dynamics and vehicle handling data, GNSS data, video 
data, and subjective measures recorded as audio comments at predefined points of 
interest along the round course. A comprehensive dataset with more than 6000 km of 
motorcycling was gathered. The results indicate that parameters of lateral vehicle 

behavior, such as the maximum lean angle, reflected riding pleasure. Interestingly, this 
is applicable for curvy sections as well as straight roads. High ratings of riding pleasure 



correlated with riding in snaky lines as a type of self-stimulation on straight sections. 

Longitudinal vehicle dynamics, such as the range of accelerations, tend to increase with 
the riding pleasure in curves. Hence, the effects are smaller than those for lateral vehicle 
behavior and not visible on straight sections. Generally, curvy sections on rural roads 

produce higher pleasure than straight roads. On a global level, riding pleasure increases 
during the first few hours of riding and subsequently decreases with respect to the time 
on task. The results are discussed in the context of studies on driving pleasure from the 
automotive sector and more fundamental psychological theories that explain pleasure as 

a physiological stimulation or flow. Several individuals ride motorcycles to experience 
pleasure. A better understanding of rider behavior in these situations can aid in deriving 
proper assistance and to provide individual support to a rider, thereby increasing riding 
pleasure as well as safety. 

 Keywords: Motorcycle; Powered two-wheeler; Rider profile; Human factors; 
Rider behavior; Vehicle dynamics 

Yonatan Back, Yuval Zak, Yisrael Parmet, Tal Oron-Gilad. Combining 

cognitive work analysis and empirical evaluations to understand map 
use by operators of small carry-on unmanned aerial systems. 103218 

Operating a small carry-on unmanned aerial system (UAS) alone is challenging. Research 
on facilitating single-operator work has focused mainly on payload operation and health 
monitoring. Little focus has been given to mission-related aspects and how the command 
and control (C2) map display contributes to mission accomplishment. This study uses 

cognitive work analysis (CWA) to describe the operational work of the mission operator of 
a Skylark miniature UAS system. Three CWA phases were conducted – work domain 
analysis, control task analysis and strategy analysis – providing a rich framework of 
operational mission phases, task components, processes and the physical interface-

objects in use. These representations highlight the operators' extensive use of the C2 
map during all mission phases, for all object-related processes. To further enhance the 
outcomes of the CWA, and prior to outlining specific design requirements, an empirical 

investigation was conducted in which the eye movements of five experienced operators 
were obtained during a simulated mission. The empirical results confirm and further 
specify the work patterns that operators adopt. Quantitative analysis shows operators’ 
extensive focus on the map, especially during mission-critical phases. These analyses led 

to the conclusion that a significant change in the way operators interact with the C2 map, 
or alternative designs to enhance map-based information utilization, should be applied. 
Insights drawn from this analysis can be applied to other aerial surveillance work 

domains, and adding empirical evaluations is helpful to further refine and reinforce the 
CWA outcomes. 

 Keywords: Cognitive work analysis; Single operator; Unmanned system; Map 
display; Command and control 

Byoung-Keon D. Park, Brian D. Corner, Jeffrey A. Hudson, Jennifer 
Whitestone, Casserly R. Mullenger, Matthew P. Reed. A three-
dimensional parametric adult head model with representation of scalp 

shape variability under hair. 103239 

Modeling the shape of the scalp and face is essential for the design of protective helmets 

and other head-borne equipment. However, head anthropometry studies using optical 
scanning rarely capture scalp shape because of hair interference. Data on scalp shape is 
available from bald men, but female data are generally not available. To address this 
issue, scalp shape was digitized in an ethnically diverse sample of 100 adult women, age 

18–59, under a protocol that included whole head surface scanning and scalp 
measurement using a three-dimensional (3D) coordinate digitizer. A combined male and 



female sample was created by adding 3D surface scans of a similarly diverse sample of 

80 bald men. A statistical head shape model was created by standardizing the head scan 
data. A total of 58 anatomical head landmarks and 12 head dimensions were obtained 
from each scan and processed along with the scans. A parametric model accounting for 

the variability of the head shape under the hair as a function of selected head dimensions 
was developed. The full-variable model has a mean shape error of 3.8 mm; the 95th 
percentile error was 7.4 mm, which were measured at the vertices. The model will be 
particularly useful for generating a series of representing a target population as well as 

for generating subject-specific head shapes along with predicted landmarks and 
dimensions. The model is publicly available online at http://humanshape.org/head/. 

 Keywords: Statistical model; Adult head shape; 3D head model; Scalp shape 
model; Parametric head shape model; 3D scan 

Sahand Hajifar, Hongyue Sun, Fadel M. Megahed, L. Allison Jones-
Farmer, Ehsan Rashedi, Lora A. Cavuoto. A forecasting framework for 

predicting perceived fatigue: Using time series methods to forecast 
ratings of perceived exertion with features from wearable sensors. 
103262 

Advancements in sensing and network technologies have increased the amount of data 
being collected to monitor the worker conditions. In this study, we consider the use of 
time series methods to forecast physical fatigue using subjective ratings of perceived 

exertion (RPE) and gait data from wearable sensors captured during a simulated in-lab 
manual material handling task (Lab Study 1) and a fatiguing squatting with intermittent 
walking cycle (Lab Study 2). To determine whether time series models can accurately 
forecast individual response and for how many time periods ahead, five models were 

compared: naïve method, autoregression (AR), autoregressive integrated moving 
average (ARIMA), vector autoregression (VAR), and the vector error correction model 
(VECM). For forecasts of three or more time periods ahead, the VECM model that 

incorporates historical RPE and wearable sensor data outperformed the other models with 
median mean absolute error (MAE) <1.24 and median MAE <1.22 across all participants 
for Lab Study 1 and Lab Study 2, respectively. These results suggest that wearable 
sensor data can support forecasting a worker’s condition and the forecasts obtained are 

as good as current state-of-the-art models using multiple sensors for current time 
prediction. 

 Keywords: Fatigue forecast; Material Handling; Vector Error Correction Model; 
Wearable Sensors 

Feng Shao, Tianjiao Lu, Xiuchao Wang, Zhenfu Liu, Yuting Zhang, Xufeng 
Liu, Shengjun Wu. The influence of pilot's attention allocation on 

instrument reading during take-off: The mediating effect of attention 
span. 103245 

The aim of this study was to examine the relationship among attention span, instrument 

reading, and eye movement mode. Sixteen pilots participated in procedural tests for 
attention span and instrument reading ability while completing simulated flight take-offs. 
Different instrument types corresponded to different reaction times – as response time 

increased, presentation time decreased. It can also be seen from the attention 
distribution of the instrument area in take-off that different instruments receive different 
attention resources. Breadth and attention span not only have a direct impact on the 
ability to read the table but also have a mediating effect on eye movement pattern 

during flight. The study found a direct relationship between attention span and 
instrument reading and also verified the impact of the two on attention allocation during 



take-off. The results suggest that integration training for attention ability with instrument 

reading may enable more efficient pilot performance. 

 Keywords: Attention span; Pilots; Instrument reading; Eye movement 

Sayali Joshi, Michael Hamilton, Robert Warren, Danny Faucett, Wenmeng 
Tian, Yu Wang, Junfeng Ma. Implementing Virtual Reality technology for 
safety training in the precast/ prestressed concrete industry. 103286 

Thousands of people work in the precast/pre-stressed concrete industry every day. Due 

to the design of the precast/prestressed concrete product itself and the processes 
required for its production, employees are occasionally exposed to hazards. The industry 
recognizes this and devotes a significant amount of time and investment to mitigate 

these hazards and protect employees from harm. It is essential for employees to go 
through appropriate safety training before starting work in the plant. Practical safety 
training should be cost-effective, and performance guaranteed, and traditional training 
procedures include paper-based safety guidelines, lectures, videos, and on-site training. 

Virtual Reality (VR) provides an innovative approach for safety training as it could offer 
situational training with negligible risk and at a low cost. In this paper, a VR training 
module is developed to deliver safety training in a cost-effective yet repeatable manner, 

aiming to reduce common plant injuries. The module is developed using Unity3D and 
Visual Studio joint platforms and can be interfaced with using the Oculus Rift/Oculus S. 
The module addresses three major safety concerns in the plant: personal protective 
equipment (PPE), the tensioning of strand (the stressing process), and suspended loads. 

Efficacy and effectiveness analyses were conducted to evaluate the performance of the 
proposed VR module. The efficacy analysis was based on simulation sickness, user 
experience, and system usability. This analysis showed that the developed VR module is 
a user-friendly simulator with minimal simulation sickness. More than 50% of the 

participants reported no indications of simulation sickness. In addition, an effectiveness 
analysis was performed based upon a comparative study of this VR training method and 
the traditional video-based training method. This analysis indicated that VR training is 

more engaged and provides a better understanding of safety protocols and real-life 
experience of the precast/prestressed concrete plant. 

 Keywords: Virtual reality; Safety training; Precast/pre-stressed concrete; Precast 
concrete; Efficacy analysis; Effectiveness analysis 

Chia-Hsuan Kung, Tzu-Chieh Hsieh, Shana Smith. Usability study of 
multiple vibrotactile feedback stimuli in an entire virtual keyboard input. 
103270 

With advances in information technology, people spend more time on touchscreen-based 
virtual keyboards than physical keyboards. However, typing on touchscreens usually 
lacks informative tactile feedback and anchoring references to locate the right keys, and 

thus requires more visual attention. Most prior tactile keyboard research used single 
stimulus pattern, which was not enough to recognize different keys. The purpose of this 
study was to investigate the usability of multiple vibrotactile feedback patterns in an 

entire virtual QWERTY keyboard input. A set of highly discriminable vibration patterns 
was designed and associated with different regions of a virtual keyboard to help users to 
locate the right keys. However, the number of stimulus patterns might also affect the 
typing performance. A user study was conducted to evaluate the effectiveness of the 

multiple vibrotactile feedback. The results showed that an appropriate number of 
stimulus patterns provided higher typing speed, higher typing efficiency, and lower error 
rate. 

 Keywords: Virtual keyboard; Touchscreen; Usability; Multiple vibrotactile 
feedback; Discriminable vibration patterns 



Sara Nygårdhs. Cyclists’ adaptation to a countdown timer to green traffic 

light: A before-after field study. 103278 

Countdown timers (CDTs) for pedestrians and cars have been shown to produce various 

effects, including improved efficiency and decreased safety. This study aimed to explore 
adaptive behaviours of cyclists towards a CDT to green traffic light, conducted as a 
before-after study in real traffic. Cyclists adapted to the CDT by searching for and using 
the information that it provided, mainly in terms of speed adaptation and glance 

behaviour. Start-up delays were reduced but there is a concern that red light violations 
could increase. There might be undesirable effects on crucial information intake in cases 
where the CDT was used not as a complement but as a substitute for the traffic light. The 
results essentially indicate that cyclists use the information provided by the CDT for their 

own efficiency, rather than for rule-based safety. 

 Keywords: Countdown timer; Bicyclist behaviour; Adaptation 

Courtney Kranz, Kellyn Lee, Parnashree Jadhav, Linda Vestlin, Mike 
Barker, Angela Jacques, Torbjörn Falkmer, Julie Netto, Kevin Netto. 
Kinematic and perceptual responses in heavy lifting and pulling: Are 
there differences between males and females? 103274 

This study investigated kinematic and perceptual differences between the sexes in a 
heavy lifting and pulling task. A 20 kg box was lifted from floor to chest height, and a 
70 kg mannequin pulled across 20m. The effect of height, mass and average grip 

strength on kinematics and perceived workload was examined in 42 (19 females, 23 
males) healthy individuals. A univariate linear regression analysis found females lifted 
with greater lumbar extension compared to males (p < 0.001), and adopted more hip 

(p = 0.006) and knee flexion (p = 0.036) in the pulling task. Females reported a greater 
perceived workload in both tasks (p < 0.001). After the multivariable analysis, only grip 
strength remained significant for perceived workload in the lift (p = 0.04), and height for 
knee flexion in the pull (p = 0.009). This highlights that height and strength are 

important factors driving kinematics and perceived workload. Clinicians may consider 
these factors in heavy manual tasks, more so than sex. 

 Keywords: Kinematics; Perceived workload; Sex differences 

Jody Ede, Sarah Vollam, Julie L. Darbyshire, Oliver Gibson, Lionel 
Tarassenko, Peter Watkinson. Non-contact vital sign monitoring of 
patients in an intensive care unit: A human factors analysis of staff 

expectations. 103149 

Background: Infra-red and thermal imaging enable wireless systems to monitor 
patients’ vital signs and absence of wires may improve patient experiences. No studies 

have explored staff perceptions of the concept of this specific type of technology in the 
adult population. Understanding existing working systems before introducing technology 
could improve adoption. Methods: We conducted semi-structured interviews with 

Intensive Care Unit (ICU) staff exploring perceptions of wireless patient monitoring. We 
used the Systems Engineering Initiative for Patient Safety (SEIPS) model to guide 
thematic analysis. Results: We identified usability themes relating to staff perceptions of 
current patient monitoring experiences, staff perceptions of patient/relative expectations 

of ICU care, troubleshooting, hierarchy of monitoring, and consensus of trust. 
Conclusion: The concept of wireless monitoring has perceived benefits for patients and 
staff. The Systems Engineering Initiative for Patient Safety model guided a systems-
based exploratory evaluation. Results highlight the social and environmental factors 

which may influence usability, adoption, or abandonment of wireless technology in the 
ICU. 



 Keywords: Non-contact vital signs; Monitoring; ICU; Systems engineering 

initiative for patient safety; Qualitative 

Mahdi Ebnali, Richard Lamb, Razieh Fathi, Kevin Hulme. Virtual reality 
tour for first-time users of highly automated cars: Comparing the effects 

of virtual environments with different levels of interaction fidelity. 
103226 

Research in aviation and driving has highlighted the importance of training as an 
effective approach to reduce the costs associated with the supervisory role of the human 
in automated systems. However, only a few studies have investigated the effect of 
training on highly automated driving. Moreover, available interactive trainings are mostly 

based on automated driving simulators and the application of immersive technology such 
as Virtual Reality (VR) as a low-cost training solution has not been widely adopted. In 
this study, we developed three types of familiarization tours (low-fidelity VR, high-fidelity 

VR, and video) to train first-time users of highly automated cars. Then, the effectiveness 
of these tours was investigated on automation trust and driving performance in several 
critical and non-critical transition tasks in four groups: control, video, low-fidelity VR, and 
high-fidelity VR. The results revealed the positive impact of the tours on trust and 

transition performance at the first time of measurement. Takeover quality only improved 
when practices were presented in high-fidelity VR. After three times of exposure to 
transition requests, trust and transition performance of all groups converged to those of 
the high-fidelity VR group, demonstrating that: a) experiencing takeover transition 

during the training may reduce costs associated with first critical takeover request in 
highly automated driving, b) the VR tour with high level of interaction fidelity was 
superior to other training methods, and c) untrained and less-trained drivers learned 

about automation after a few trials. Knowledge resulting from this research could help 
develop cost-effective solutions for automated driving training in dealerships and car 
rental centers. 

 Keywords: Virtual reality (VR); Interaction fidelity; Training; Trust; Takeover; 

Highly automated driving 

Delphine Chadefaux, Alex P. Moorhead, Pietro Marzaroli, Stefano Marelli, 
Enrico Marchetti, Marco Tarabini. Vibration transmissibility and apparent 

mass changes from vertical whole-body vibration exposure during 
stationary and propelled walking. 103283 

Whole-Body Vibration (WBV) is an occupational hazard affecting employees working with 
transportation, construction or heavy machinery. To minimize vibration-induced 
pathologies, ISO identified WBV exposure limits based on vibration transmissibility and 
apparent mass studies. The ISO guidelines do not account for variations in posture or 

movement. In our study, we measured the transmissibility and apparent mass at the 
mouth, lower back, and leg of participants during stationary and propelled walking. 
Stationary walking transmissibility was significantly higher at the lumbar spine and bite 

bar at 5 and 10 Hz compared to all higher frequencies while the distal tibia was lower at 
5 Hz compared to 10 and 15 Hz. Propelled walking transmissibility was significantly 
higher at the bite bar and knee at 2 Hz than all higher frequencies. These results vary 
from previously published transmissibility values for static participants, showing that ISO 

standards should be adjusted for active workers. 

 Keywords: Whole-body vibrations; Walking; Transmissibility; Apparent mass 

E. Orantes-Gonzalez, J. Heredia-Jimenez. Does schoolbag carriage equally affect 

obese/overweight and healthy-weight children? 103236 



Discrepancies exist in backpack load recommendations for obese/overweight children, 

and the recommendations do not consider school trolleys. This study analysed 
obese/overweight and healthy-weight students’ perceived load and fatigue when carrying 
schoolbags and their gait kinematics and rate of perceived exertion (RPE) when carrying 

backpacks or pulling school trolleys with different loads. Twelve obese/overweight and 36 
healthy-weight students were asked about their perceived load and fatigue in carrying 
their schoolbags to school. Then, a kinematic gait analysis was completed in students 
walking unloaded or transporting 10%, 15% or 20% of their bodyweight (BW) in a 

backpack or trolley. RPE was recorded after each condition. The average hip rotation and 
knee adduction angles differed between body mass index (BMI) groups. The healthy-
weight group reported higher RPEs than the overweight/obese group when pulling a 
trolley with 10–15% BW. In conclusion, both BMI groups responded similarly to load and 

schoolbag type. 

 Keywords: Backpack; School trolley; Gait; Kinematics; BMI 

Jordan T. Sturdy, Pinata H. Sessoms, Anne K. Silverman. A backpack load 

sharing model to evaluate lumbar and hip joint contact forces during 
shoulder borne and hip belt assisted load carriage. 103277 

Musculoskeletal injuries of the lumbar spine occur frequently among military service 
members and are associated with heavy backpack loads. Musculoskeletal modeling and 
simulation facilitate biomechanical evaluation to compare different backpack designs. We 
developed a backpack attachment model that can be tuned to represent various load 

distributions between the torso and pelvis. We generated walking simulations to estimate 
muscle and joint contact forces of unloaded walking and while carrying 38 kg using 
shoulder-borne backpacks and hip belt-assisted backpacks for six U.S. Marines. Three-
dimensional peak and average lumbar (L4-L5) and hip joint contact forces over the 

stance phase were compared between each load condition. Axial L4-L5 and axial and 
anterior hip joint contact forces were greater during both backpack conditions compared 
to the unloaded condition. Joint contact forces were similar between backpack conditions. 

Future studies incorporating additional participants, walking conditions, and backpack 
load distributions are suggested for further model development and backpack design 
evaluation. 

 Keywords: Biomechanics; Locomotion; Musculoskeletal modeling; Back; Spine; 

Movement simulation; Load carriage 

Justin B. Davidson, Ryan B. Graham, Steve Beck, R. Timothy Marler, 
Steven L. Fischer. Improving human-in-the-loop simulation to optimize 

soldier-systems integration. 103267 

Objective: To identify requirements for human-in-the-loop simulation capabilities and 
improve their utility in predicting and optimizing soldier-systems integration. 

Background: Technological development rates within the military are rapidly increasing. 
Emergent technologies often exclude in-depth consideration of human-system 
interactions until the physical prototyping phase. Human-in-the-loop simulation tools can 

allow for earlier consideration of humans in the development process; however, use 
remains limited. Method: Semi-structured interviews were conducted with key 
informants to yield perspectives on current human-in-the-loop simulation capabilities and 
utility specific to the military. An inductive approach to thematic analysis was used to 

extract critical themes from transcribed interview data. A scoping review was completed 
to supplement the data obtained from interviews and summarize knowledge regarding 
requirements for human-in-the-loop simulation and analysis capabilities targeted to the 

military. Results: Interviews were conducted with five experts representing the sectors 
of Vehicle/Equipment Design, Simulation, and Army Research. A total of 2274 sources 
were identified, and 64 papers were retained for the scoping review. Thematic analysis of 



the combined data sources yielded six important themes to consider with respect to 

requirements for future human-in-the-loop simulation capabilities targeting soldier-
systems integration. Conclusion: This study has identified eight key requirements to 
support the use of human-in-the-loop simulation tools to predict and optimize soldier-

systems integration and performance. Application: Addressing key requirements will 
improve the ability of current human-in-the-loop simulation tools to accommodate the 
military's need for human consideration early in the design process. 

 Keywords: Simulation and virtual reality; Human-systems integration; Human 

performance modelling; Prototyping; Anthropometry 

Z. Shaghayegh Bagheri, Jose Diaz Beltran, Paul Holyoke, Tilak Dutta. 
Reducing fall risk for home care workers with slip resistant winter 

footwear. 103230 

Falls on icy surfaces are the leading cause of occupational injuries for workers exposed to 
outdoor winter conditions. Slip resistant footwear has been shown to reduce the risk of 

falls for indoor workers but until recently, there was no accepted standard for evaluating 
the slip resistance of winter footwear on icy surfaces. Our team recently developed a lab-
based testing protocol for measuring footwear slip resistance. This protocol, called the 

Maximum Achievable Angle (MAA) test, measures the steepest ice-covered slope that 
participants can walk up and down without experiencing a slip in a simulated winter 
environment. This lab-based protocol has found there is wide variability in the 
performance of commercially available winter footwear. In particular, we have found that 

a new generation of footwear that incorporates composite materials in the outsole, 
performs much better than most other footwear. The objective of this project was to 
investigate whether the footwear that performed well in our lab-based testing would 
reduce the risk of slips and/or falls in real-world winter conditions. One hundred and ten 

home healthcare workers from SE Health were recruited for this study and were asked to 
report their exposure to icy surfaces along with the numbers of slips and numbers of falls 
they experienced each week using online surveys over eight weeks in the winter. Fifty 

participants (the intervention group) were provided winter footwear that were among the 
best performing in the MAA test. The remaining sixty participants (the control group) 
wore their own footwear for the duration of the study. A total of 563 slips and 36 falls 
were reported over the eight-week data collection period. The intervention group 

consistently reported fewer slips (127 vs 436) and fewer falls (6 vs 30) compared to the 
control group. We found the slip rate in the intervention group was between 68.0% and 
68.7% lower than the control group. Similarly, the fall rate was between 78.5% and 

81.5% lower in the intervention group compared to the control group. These findings 
demonstrate that footwear that performs well in the MAA test can reduce the risk of both 
slips and falls in real-world winter conditions. 

 Keywords: Slip risk; Falls; Homecare; Slip resistance; Footwear; Winter 

Richard I. Cook, Beth Adele Long. Building and revising adaptive 
capacity sharing for technical incident response: A case of resilience 
engineering. 103240 

We report an organization's method for recruiting additional, specialized human 
resources during anomaly handling. The method has been tailored to encourage sharing 
adaptive capacity across organizational units. As predicted by Woods' theory, this case 

shows that sharing adaptive capacity allows graceful extensibility that is particularly 
useful when a system is challenged by frequent but unpredictably severe events. We 
propose that (1) the ability to borrow adaptive capacity from other units is a hallmark of 

resilient systems and (2) the deliberate adjustment adaptive capacity sharing is a feature 
of some forms of resilience engineering. Some features of this domain that may lead to 



discovery of resilience and promote resilience engineering in other settings, notably 

hospital emergency rooms. 

 Keywords: Resilience; Resilience engineering; Graceful extensibility 

Ismael Muela, Ana B. Chica, Pedro Garcia-Fernandez, Candida Castro. 
Visual attention in realistic driving situations: Attentional capture and 
hazard prediction. 103235 

In real life, many objects catch our attention involuntarily or exogenously. Exogenous 

attention occurs fast and its effects are short-lived. In the laboratory, when attentional 
orientation is studied, both valid and invalid attentional signals are used: the valid ones 
direct the attention to a location where something relevant is going to appear. The invalid 

ones occur in a location where nothing relevant is going to happen. Usually, performance 
is improved when valid signals rather than invalid ones are presented. This work is novel 
in that it explores the effects of attentional capture and driving experience in situations of 
day-to-day driving while participants carry out a Hazard Prediction task. We created new 

Hazard Prediction (HPr) and Risk Estimation (RE) tests when driving by selecting 48 short 
videos recorded in a realistic way from the perspective of a car driver. We created valid 
and invalid trials by selecting videos in which a what?? was presented in the same spatial 

location as the one where the hazard was beginning to develop or in a different location. 
Simple situations, with only one developing hazard, were also presented. A total of 92 
participants (30 experienced drivers, 32 novices and 30 with no experience) were placed 
in the position of the driver and answered the questions: 1) What will happen after the 

video is cut? 2) To what extent do you consider this situation risky? The results from the 
Hazard Prediction test replicate the attentional capture effect in complex driving 
situations, with invalid trials obtaining the worst results, followed by valid and simple 
ones. Participants with experience obtained better scores than novices, and novices were 

better than drivers without experience. No interaction between attentional orientation 
and experience was found, suggesting the obligatory and automatic nature of orientation 
processes, which do not appear to be compensated for by driving experience. No 

significant differences were found for the Risk Estimation test. 

 Keywords: Hazard perception; Exogenous orienting; Driving experience; Risk 
estimation; Risk decision making 

Liliane Pellegrin, Leila Chassery, Hervé Chaudet, Gaëtan Texier, Nathalie 
Bonnardel. Decision-making during nonroutine outbreak management: 
Toward an exploration of experts’ creative decisions. 103232 

Decision-making during critical outbreak management may require standard strategies, 
but also more creative ones. Our goal was to characterize the expert decision processes 
that take place during critical situations, where rule-based strategies and usual 
procedures cannot be satisfactorily applied. More specifically, we focused on the 

strategies experts use to deal with epidemiological problems, depending on the 
complexity of the situation. To this end, we carried out a simulated outbreak alert, to 
place two experts in a situation of epidemiological problem management, based on usual 

practice but also conducive to implementing creative solutions. To analyze the data, we 
considered not only the relevance of the solutions proposed by the experts, but also the 
four creativity criteria defined by Torrance (fluency, flexibility, elaboration and 
originality). Results allowed us to identify similarities but also differences between the 

solutions proposed by the experts, depending on their level of experience in this area. 

 Keywords: Creativity; Expert decision-making; Outbreak management; 
Simulation 



Kubra Okuyucu, Sue Hignett, Diane Gyi, Angie Doshani. Midwives’ 

thoughts about musculoskeletal disorders with an evaluation of working 
tasks. 103263 

The prevalence of musculoskeletal disorders is very high amongmidwives resulting in 
sickness absenteeism, functional limitation and staff shortages. There are several 
contributory risk factors having impact on the development of MSDs. This study aimed to 
(1) explore midwives' experiences and views about work-related MSDs and contributing 

risk factors, and (2) analyse working postures for musculoskeletal injury risks. A mixed 
method approach was used with interviews/focus group (n = 15/7) and observations 
(n = 22) of specific tasks (during birth and after birth) using the posture analysis 

observational method (Rapid Entire Body Assessment, REBA). The participants were 
midwives who had an active role in the United Kingdom (UK) National Health Services 
(NHS). It was found that MSDs were often attributed to the physical (working in awkward 
positions), organisational (longer shift hours, fewer staff, increased work load), 

psychosocial (defensive practice, higher demand) challenges of midwifery. All postures 
had very high to medium REBA risk levels with action categories indicating that action or 
further assessment is definitely necessary to reduce MSDs. This research provides a 

holistic approach by analysing risk factors and interactions in the work context to inform 
the development of risk management strategies. Midwifery working conditions have a big 
impact on developing musculoskeletal symptoms. Management of such symptoms will 
improve staff wellbeing, mother and baby safety, individuals' life trajectories and staff 

shortages. 

 Keywords: Musculoskeletal disorders; Pain; Midwives; Risk factors; Postural 
analysis 


