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Sang Hyeon Kang, Juhyeong Lee, Sangeun Jin. Effect of standing desk 
use on cognitive performance and physical workload while engaged with 

high cognitive demand tasks. 103306. 

It is clear that the cognitive resources invested in standing are greater than in sitting, but 

six of eight previous studies suggested that there is no difference in cognitive 

performance. This study investigated the effects of sitting and standing workstations on 

the physical workload and cognitive performance under variable cognitive demand 

conditions. Fifteen participants visited two times for testing sitting and standing 

workstations, and were asked to play two difficulty levels of Tetris game for 40 min while 

kinematic variables, CoP regularity, CoP SD, and cognitive performances were captured 

every 5 min. Results revealed a more neural posture in standing than in sitting, but using 

the standing workstation degraded attention and executive function. The CoP SD was 7 

times greater in standing, but the CoP regularity was 1/4 in sitting, denoting greater 

attentional investment while engaged at the standing workstation. 

 Keywords: Standing workstation; Cognitive performance; CoP regularity 

David H. Seidel, Kai Heinrich, Ingo Hermanns-Truxius, Rolf P. Ellegast, 
Lope H. Barrero, Monika A. Rieger, Benjamin Steinhilber, Britta Weber. 
Assessment of work-related hand and elbow workloads using 

measurement-based TLV for HAL. 103310. 

Direct-measurement-based methods for assessing workloads of the hand or elbow in the 

field are rare. Aim of the study was to develop such a method based on the Threshold 

Limit Value for Hand Activity Level (TLV for HAL). Hence, HAL was quantified using 

kinematic data (mean power frequencies, angular velocities and micro-pauses) and 

combined with electromyographic data (root-mean-square values) in order to generate a 

measurement-based TLV for HAL (mTLV for HAL). The multi-sensor system CUELA 

including inertial sensors, potentiometers and a 4-channel surface electromyography 

module was used. For wrist and elbow regions, associations between mTLV for HAL and 

disorders/complaints (quantified by odds ratios (OR [95%-confidence interval])) were 

tested exploratively within a cross-sectional field study with 500 participants. Higher 

workloads were frequently significantly associated with arthrosis of distal joints (9.23 

[3.29–25.87]), wrist complaints (2.89 [1.63–5.11]) or elbow complaints (1.99 [1.08–

3.67]). The new method could extend previous application possibilities. 



 Keywords: Measurement-based TLV for HAL; Exposure assessment; Work-

related upper extremity disorder 

Liana M. Tennant, Donna J. Fok, David C. Kingston, Taylor B. Winberg, 
Rob J. Parkinson, Andrew C. Laing, Jack P. Callaghan. Analysis of 

invoked slips while wearing flip-flops in wet and dry conditions: Does 
alternative footwear alter slip kinematics? 103318. 

Minimal footwear has become more ubiquitous; however, it may increase slip severity. 

This study specifically examined the slipping kinematics of flip-flop sandals. Invoked slips 

from standing were evaluated in dry and wet tile, and a unique wet footbed + wet tile 

condition, with 40, 50, and 60% bodyweight (BW) committed to the slipping foot. Water 

did not alter peak slip velocity (PV) at 40% BW, but PV increased with greater slip-foot 

force on wet tile by ~1 m/s. Interestingly, when floor-contact was lost during the slip, 

the flip-flops could come off the heel. This decoupling occurred most often when both the 

tile and footbed were either dry or wet. Given that both decoupling and greater PV were 

observed on wet tile, slipping in flip-flops under wet conditions may have more serious 

consequences. The results highlight that slips may occur at both the foot—flip-flop, and 

flip-flop—tile interfaces. 

 Keywords: Slipping; Flip-flop sandal; Minimal footwear 

Aaron Edelmann, Stefan Stümper, Tibor Petzoldt. Cross-cultural 
differences in the acceptance of decisions of automated vehicles. 
103346. 

Automated vehicles are expected to enhance driving safety and comfort. In order to fulfil 

these expectations, they have to be widely accepted and used. Implementing an 

acceptable driving style is therefore a must. Previous research on automated vehicle 

acceptance has largely concentrated on the effects of driving dynamics. This study takes 

a different approach and focuses on the effects of the driving decisions. To assess the 

effects of driving decisions on acceptance, an online experimental study was conducted in 

China, Germany, Japan and the US. Four overtaking scenarios, in which the automated 

vehicle took a decision, were presented as short texts. The situations differed with regard 

to the action (overtaking vs. stay in lane) and potential consequence (high or low 

hindrance of another driver). Participants then rated their acceptance. The results 

indicate that acceptance is dependent on the driving decisions and is further influenced 

by cultural background. Chinese drivers show high acceptance to the decisions and there 

were no significant differences between the presented scenarios. In the US and Germany, 

decisions leading to high hindrance of others are rejected, whereas in cases of low 

hindrance, overtaking is preferred. Japanese participants reject decisions, which lead to 

hindrance of others. 

 Keywords: Automated driving; Cross-culture; User acceptance; Decision-making 

Hardianto Iridiastadi. Fatigue in the Indonesian rail industry: A study 
examining passenger train drivers. 103332. 

Objective: The railway industry in Indonesia has grown substantially in the past five 

years, with greater network and tracks length that will double in 2030. There has been a 

growing concern, however, that fatigue among front-line personnel have not been 

addressed satisfactorily. This study aimed at evaluating the degree of fatigue among 

passenger train drivers and suggested practical recommendations to the Indonesian 

Railway Company. Method: A total of 32 train drivers (driving for about 4 h during the 

morning or afternoon shifts) agreed to participate in the study. Subjective and objective 

measures of fatigue (and sleepiness) were obtained prior to, during, and immediately 



following the end of a duty. Fatigue and driving performance were also determined based 

on (off-line) analysis of continuous video recordings of the drivers performing the duty. 

Results: Fatigue generally increased as a function of time and, for some, 2 h of driving 

was sufficient in inducing substantial level of fatigue increase. Unlike the morning shift, 

the afternoon shift was characterized with increased undue fatigue and unacceptable 

level of performance decrements. Conclusion: In general, fatigue was not found among 

train drivers working the morning shift. For these drivers, however, there were a couple 

of individuals with excessive levels of fatigue. The effects of fatigue were more apparent 

for the afternoon shift. This is possibly due to the degraded sleep quality as a result of 

split rest periods obtained prior to the duty. It is suggested in this study that the 

company pay a much closer attention to the work-sleep schedules, and to improve sleep 

quality by redesigning better sleeping arrangements. 

 Keywords: Fatigue; Sleepiness; Train drivers; Video recordings 

Rupa S. Valdez, Richard J. Holden, A. Joy Rivera, Chi H. Ho, Cristalle R. 
Madray, Jiwoon Bae, Tosha B. Wetterneck, John W. Beasley, Pascale 
Carayon. Remembering Ben-Tzion Karsh's scholarship, impact, and 
legacy. 103308. 

Dr. Ben-Tzion (Bentzi) Karsh was a mentor, collaborator, colleague, and friend who 

profoundly impacted the fields of human factors and ergonomics (HFE), medical 

informatics, patient safety, and primary care, among others. In this paper we honor his 

contributions by reflecting on his scholarship, impact, and legacy in three ways: first, 

through an updated simplified bibliometric analysis in 2020, highlighting the breadth of 

his scholarly impact from the perspective of the number and types of communities and 

collaborators with which and whom he engaged; second, through targeted reflections on 

the history and impact of Dr. Karsh's most cited works, commenting on the particular 

ways they impacted our academic community; and lastly, through quotes from 

collaborators and mentees, illustrating Dr. Karsh's long-lasting impact on his 

contemporaries and students. 

 Keywords: Tribute; Macroergonomics; Health informatics; Primary care; Patient 

safety 

Gloria Y.K. Ma, Winnie W.S. Mak. Perceptions of the International 

Symbol of Accessibility among nondisabled university students in Hong 
Kong. 103314. 

The present experimental study involved 346 university students without self-reported 

disability and investigated the perceived symbolic meanings of the International Symbol 

of Accessibility (ISA) along with its associations with stereotypes toward wheelchair users 

and the perceived inclusiveness of the social climate. Participants were randomized into 

four groups with exposure to either the ISA, Motion-symbol, Universal-Design-symbol, or 

all-symbols. The results showed that different symbols were associated with different 

patterns of perceived symbolic meanings. Exposure to the Universal-Design-symbol, 

which emphasizes equality (but not the Motion-symbol, which emphasizes autonomy), 

was significantly and indirectly associated with relatively lower stereotypes toward 

wheelchair users (and perceived less inclusive social climate) through associating the 

Universal-Design-symbol with relatively lower perceived symbolic meanings of “Passive” 

and “Labeling” (and “Passive”) compared to exposure to the ISA. Recommendations for a 

contextual-dependent replacement of symbol, the methodology of implicit association 

tests, and the usage of symbols of access in cartography were discussed. 

 Keywords: Ableism; Universal design; Critical cartography 



Sally Maynard, Ashleigh Filtness, Karl Miller, Fran Pilkington-Cheney. 
Bus driver fatigue: A qualitative study of drivers in London. 103309. 

The research represents one of the first major qualitative studies to subjectively 

investigate fatigue amongst city bus drivers. Funded by TfL (grant no. 94050), the study 

considers the perspectives of both the bus drivers themselves and their managers. It 

explores opinion specifically in relation to how fatigue influences or is influenced by bus 

driving, and how this is managed. Data was collected from focus groups with bus drivers 

(n = 65 drivers) and one-to-one interviews with bus driver managers (n = 11). Fatigue 

was seen to be a problem, with all drivers having experienced for themselves the feeling 

of sleepiness whilst driving the bus, or knowing about it in others. The managers agreed 

that fatigue amongst drivers is evident, seeing it particularly as a contributor to serious 

incidents. Fatigue and sleepiness are not discussed between drivers as a general rule and 

they do not feel comfortable reporting instances of fatigue for fear of being disciplined. 

Managers would encourage drivers to report these issues and therefore hoped to create a 

more open culture. Factors identified as contributors to fatigue included: working 

overtime, having insufficient sleep, spending time with family, other non-work 

commitments, shift schedules, and work pressure. 

 Keywords: Fatigue; Sleepiness; Bus drivers; Focus groups; Interviews; Road 

safety 

Grégoire S. Larue, Vesna Popovic, Matthew Legge, Claire Brophy, Ross 
Blackman. Safe trip: Factors contributing to slip, trip and fall risk at train 

stations. 103316. 

Public transport systems are vital services in urban environments. The design of these 

complex socio-technical systems is continuously evolving to accommodate larger 

populations, and their adaptation is essential in supporting the successful and sustainable 

development of cities and regions. An essential part of this adaptation includes working 

to increase passenger safety and to minimise their risk of injury. With this focus, key 

objectives of the current study were to identify the causes of slip, trip and fall (STF) 

incidents attributable to the rail user and to train and station characteristics. An 

investigation of historical STF records of 1247 train and station incidents in two 

Australian jurisdictions was conducted. Various contributing factors to STF events were 

identified, including locations such as stairs, ramps, escalators, the train's entry and exit 

step, doorway areas, and passenger running or rushing. A mixed-method field study was 

then conducted at three train stations and on trains. To further investigate the 

contributing factors, participants (N = 40) wore an eye tracker as they navigated the 

stations and trains. The research illustrates that their continuous search for information, 

and a disconnect between the information needed and the information provided, might 

be a cause of passenger distraction and an increase in their risky behaviour. Therefore, 

we suggest that improvements in information design to reduce the high visual workload 

for passengers might also reduce the incidence of STFs. 

 Keywords: Public transport; Design; Human factors; Slips; Trips and falls; Rail 

Michael Uhl, Andreas Lindenmann, Sven Matthiesen. Analysis of factors 

influencing the productivity of hammer drilling – user forces, human 
fatigue, drilling direction, and drill bit. 103338. 

In order to be able to develop a hammer drill with which the user can work as 

ergonomically and productively as possible, the relevant influencing factors must be 

known. In addition to the unknown influence of the drilling direction, there is a lack of 

understanding of the relations between user forces, human fatigue, and productivity. To 

analyze these relations, an experiment was carried out with 15 professional users. First, 



the influence of feed force, drilling direction, and drill bit on the rate of penetration was 

examined. Taking into account the rate of penetration and human fatigue, it was then 

investigated which of the three feed forces produces the highest productivity. 

Furthermore, the lateral forces applied by the participants during the drilling process 

were analyzed. Based on the study, it was found that the drilling direction (p < .001, 

r = −0.198) and the drill bit type (p < .041, r = −0.16) have a significant influence on 

the rate of penetration. Moreover, it was found that the rate of penetration tends to 

increase with higher feed forces, however, the theoretical cumulative drilling meters 

decrease when taking user fatigue into account. Finally, the experiment showed that the 

participating professionals applied lateral forces (Mdn = 16.7 N) of 13% to the feed force 

when working with a hammer drill. On the basis of this knowledge, investigations can be 

done to analyze the influences of lateral forces on the drilling process. The findings help 

drill and hammer drill manufacturers in testing and development processes. For 

craftsmen, on the other hand, the knowledge helps to perform the task as ergonomically 

and time-efficiently as possible. 

 Keywords: Lateral forces; Human factors; Human-machine interaction; Power 

tool 

Hamid Norasi, Emmanuel Tetteh, Samuel R. Money, Victor J. Davila, 
Andrew J. Meltzer, Melissa M. Morrow, Emma Fortune, Bernardo C. 
Mendes, M. Susan Hallbeck. Intraoperative posture and workload 
assessment in vascular surgery. 103344. 

Quantifying the workload and postural demand on vascular surgeons provides valuable 

information on the physical and cognitive factors that predispose vascular surgeons to 

musculoskeletal pain and disorders. The aim of this study was to quantify the postural 

demand, workload, and discomfort experienced by vascular surgeons and to identify 

procedural factors that influence surgical workload. Both objective (wearable posture 

sensors) and subjective (surveys) assessment tools were used to evaluate intraoperative 

workload during 47 vascular surgery procedures. Results demonstrate unfavorable neck 

and low back postures as well as high pain scores for those body segments. Additionally, 

workload from subjective surveys increased significantly as a function of operative 

duration, and mental workload was high across all procedure types. Neck postural risk 

exposure and physical demand were among the variables that increased with surgical 

duration, procedure type, and loupes used by the surgeons. Correlations among postural 

angles and pain scores showed consistency between the objective assessment and the 

subjective surveys for neck and trunk. The authors believe that the results of this study 

highlight the need for developing mitigating measures such as ergonomic interventions 

for vascular surgery. 

 Keywords: Vascular surgery; Loupes; Lead vest; Open vascular surgery; 

Endovascular surgery; Hybrid surgery; Workload; SURG-TLX; IMU; Surgeon well-

being 

Bzhwen A. Kadir, Ole Broberg. Human-centered design of work systems 
in the transition to industry 4.0. 103334. 

The introduction of Industry 4.0-enabling digital technologies in industrial work systems 

are creating various sociotechnical challenges affecting overall system performance and 

human well-being. In this paper, we propose a framework for (re)designing industrial 

work systems in the transition towards Industry 4.0. The framework combines human 

factors and ergonomics, work system modeling, and strategy design. It accommodates 

implementation challenges we have identified through ten retrospective case studies. In 

addition, we present the systematic approach applied to developing and testing the 

framework. Lastly, the framework was tested in a collaborative workshop in an industrial 

company, and the results indicated its applicability. 



 Keywords: Cyber-physical systems; Digital transformation; Digital factory; 

Digitalization; Operator 4.0 

Julia N. Czerniak, Nikolas Schierhorst, Valeria Villani, Lorenzo Sabattini, 
Christopher Brandl, Alexander Mertens, Maximilian Schwalm, Verena 
Nitsch. The Index of Cognitive Activity - Eligibility for task-evoked 
informational strain and robustness towards visual influences. 103342. 

Various researchers have proposed pupillometric indicators to assess a person's cognitive 

strain. However, to distinguish the variation of pupil light response from psychosensory 

pupil response in experimental field conditions is a challenge. The Index of Cognitive 

Activity (ICA) addresses this problem by wavelet separation. This research investigates 

the ICA's sensitivity for multiple level task-evoked cognitive activity and visual influences 

concerning informational work tasks. Objective and subjective measures assessed 

cognitive strain of participants (N = 22) during various tasks. In a first experiment, 

mental arithmetic tasks were used to induce different levels of cognitive activity. In a 

second experiment, influences of screen polarity and presentation of information were 

investigated (N = 18). The results indicate that eye metrics are rarely sensitive to slight 

variations in task difficulty. Moreover, the ICA is likely to be sensitive towards constant 

screen illumination and shows tendencies regarding changes in displayed information. 

Possible ramifications for the objective assessment of cognitive strain are discussed. 

 Keywords: Index of Cognitive Activity (ICA); Visual stimuli; Workload 

Sol Hee Yoon, Seul Chan Lee, Yong Gu Ji. Modeling takeover time based 

on non-driving-related task attributes in highly automated driving. 
103343. 

This study aims to investigate the effects of non-driving-related tasks (NDRTs) on the 

transition of control in highly automated driving (HAD) by investigating the effects of 

NDRT physical, visual, and cognitive attributes during transition of control. A conceptual 

model of the takeover process is proposed by dividing this process into motor and mental 

reactions. A laboratory experiment was conducted to evaluate the effects of each NDRT 

attribute on the corresponding stage of the process of taking over control. A prediction 

model was developed using the results of multiple linear regression analysis. Additionally, 

a validation experiment with nine NDRTs and a baseline condition was conducted to 

determine the extent to which the developed model explains the takeover time for each 

NDRT condition. The results showed that the timing aspects of the transition of control in 

HAD largely consist of participant motor reactions that are affected by the physical 

attributes of NDRTs. 

 Keywords: Highly automated driving (HAD); Non-driving-related task (NDRT); 

Takeover time 

Cory J. Wilson, Laura Bix. Gripping strategies employed by young 
children aged 3–5 years when interacting with child-resistant push and 
turn closures used by pharmacies in the United States. 103349. 

Archived video footage from a previous task analysis study where children attempted to 

open prescription vials outfitted with 42 mm (diameter) push and turn closures was 

reviewed and grip postures were characterized based on a grip taxonomy presented by 

Rowson & Yoxall which investigated adult grips (2011). Video review was conducted to 

identify the types of grip postures children aged 3–5 years utilized when attempting to 

open continuous thread polypropylene vials outfitted with push and turn, child-resistant 

closures and compared with grip postures identified with the adults. Children tended to 

utilize only 3 grip postures (spherical, cylindrical, and pronated cylindrical grips), while 



adults utilized seven different postures. If children utilize a more limited set of grip 

postures when opening child resistant closures than their adult counterparts, this 

difference could be exploited when designing child resistant packaging systems. That 

said, our study utilized a limited number of CRC designs and confounds existed between 

the package sizes the children in the archived video footage attempted to open and those 

that served as the point of comparison which identified grip postures utilized by adults. 

As such, further investigation is needed across a range of package diameters. Potential 

implications for child-resistant packaging design are discussed. 

 Keywords: Child-resistant packaging; Openability; Grip postures 

Sara Bayramzadeh, Parsa Aghaei. Technology integration in complex 
healthcare environments: A systematic literature review. 103351. 

To support safety and efficient care, effective integration of technology into the 

timepressured, high-risk healthcare environments is critical. This systematic literature 

review aimed to highlight the impact of technology on the physical environment as well 

as the facilitators for and barriers to technology integration into complex healthcare 

settings, including operating rooms and trauma rooms. PsycINFO, Web of Science, and 

PubMed databases were utilized, along with a hand search. PRISMA and MMAT guidelines 

were used for reporting and quality appraisal. Out of 1,001 articles, 20 were eligible. 

Identified categories included hybrid and integrated environments, technological 

ambiance, and information technologies. Technology integration has implications for 

direct patient care, efficiency, throughput, patient safety, teamwork, communication, and 

the perception of care. The facilitators for and barriers to technology integration included 

layout design, equipment positioning, and decluttering. The physical environment can 

improve the impact of technology on factors such as patient safety and efficiency. 

 Keywords: Technology; Physical environment; Healthcare systems 

Pramiti Sarker, Hamid Norasi, Jordyn Koenig, M. Susan Hallbeck, Gary 
Mirka. Effects of break scheduling strategies on subjective and objective 
measures of neck and shoulder muscle fatigue in asymptomatic adults 

performing a standing task requiring static neck flexion. 103311. 

Sustained non-neutral postures of the head/neck are related to transient neck discomfort 

and longer-term disorders of the neck. Periodic breaks can help but the ideal length and 

frequency of breaks are yet to be determined. The current study aimed to quantify the 

effects of three work-rest strategies on fatigue development. Participants maintained a 

45-degree neck flexion posture for a total of 60 min and were provided 3 min of rest 

distributed in different ways throughout the experiment [LONG (one, 3-min break), 

MEDIUM (two, 1.5-min breaks), or SHORT (five, 36-s breaks)]. Surface 

electromyography data were collected from the bilateral neck extensors and trapezius. 

Subjective discomfort/fatigue ratings were also gathered. Results of the analysis of the 

EMG data revealed that the SHORT condition did not show increased EMG activity, while 

LONG [21%] and MEDIUM [10%] did (p < 0.05), providing objective data supporting the 

guidance of short, frequent breaks to alleviate fatigue. 

 Keywords: Work-rest cycle; Neck pain; Cervical spine; Electromyography; 

Musculoskeletal disorder 

Brett Pollard, Lina Engelen, Fabian Held, Richard de Dear. Movement at 

work: A comparison of real time location system, accelerometer and 
observational data from an office work environment. 103341. 



Office workers can spend significant periods of time being stationary whilst at work, with 

potentially serious health consequences. The development of effective health 

interventions could be aided by a greater understanding of the location and 

environmental context in which this stationary behaviour occurs. Real time location 

systems (RTLS) potentially offer the opportunity to gather this much needed information, 

but they have not been extensively trialled in office workplaces, nor rigorously compared 

against more familiar devices such as accelerometers. The aim of this paper was to 

determine whether an RTLS can measure and spatially locate the non-stationary and 

stationary behaviours of adults working in an office work environment. Data collected 

from a series of comparison studies undertaken in a commercial office building suggests 

that RTLS can measure the velocity at which people are moving and locate them, when 

stationary, with an accuracy of 0.668 m (SD 0.389). This opens up significant 

opportunities to further understand how people move within buildings, the indoor 

physical environmental influences on that movement, and the development of effective 

interventions to help people to move more whilst at work. 

 Keywords: Real time location system; Accelerometer; Office; Stationary 

behaviour; Physical inactivity; Free-living behaviour 

Andrea Falegnami, Riccardo Patriarca, Francesco Costantino, Giulio Di 
Gravio, Federico Bilotta. Surveying work-as-done in post-operative 
delirium risk factors collection and diagnosis monitoring. 103347. 

Post-operative delirium (POD) is a health hazard condition for the patients and it is 

associated with increased costs for the healthcare system. Following a system-theoretic 

approach, firstly a model, then a questionnaire, have been designed to probe the 

collective awareness about POD throughout the entire patient's perioperative pathway. 

The 58 reported answers pointed out that most of the information, specifically associated 

with POD, are routinely recorded but not used to stratify the patients' individual risk to 

develop POD. The results suggest the need for design a new socio-technical role within 

modern health care systems: the POD analyst. A Systems-Theoretic Accident Model and 

Processes (STAMP) model is proposed both to propel the awareness about POD and as a 

template for future POD risk factors collections. 

 Keywords: STAMP; RiskSOAP; Team awareness 

Philippa Gosine, Vicki Komisar, Alison C. Novak. A kinematic analysis of 

balance recovery following an unexpected forward balance loss during 
stair descent. 103317. 

Falls during stair descent pose a major health concern. A stronger understanding of 

recovery from balance loss during stair descent is needed to guide fall prevention 

strategies and environmental design. We characterized balance recovery strategies, trunk 

and center-of-mass (COM) kinematics, and handrail use following unexpected forward 

balance loss during stair descent, and the effect of perturbation magnitude on these 

outcomes. Eighteen young adults experienced a rapid platform translation during stair 

descent to disrupt balance. Deception was used to reduce anticipation. All participants 

used compensatory stepping to recover balance, and most applied forces to the handrail 

in multiple directions. Higher perturbation magnitude resulted in higher COM velocity and 

handrail forces, more frequent incomplete steps, and quicker step contact time. Our 

findings provide a foundation for understanding balance recovery on stairs. The findings 

emphasize the importance of designing stairways that enable compensatory stepping, 

and handrails that permit adequate force generation in multiple directions to facilitate 

balance recovery on stairs. 

 Keywords: Balance recovery; Stair ambulation; Fall prevention 



Sarah L. Brzozowski, Hyeonmi Cho, Élise N. Arsenault Knudsen, Linsey 

M. Steege. Predicting nurse fatigue from measures of work demands. 
103337. 

Fatigue arising from excessive work demands is a known safety challenge in hospital 

nurses. This study aimed to determine which measures of work demands during nursing 

work are most predictive of hospital nurse fatigue levels at the end of the work shift. 

Measures of work demands of registered nurses from two hospital units in the United 

States were collected from organizational data sources, wearable sensors, and 

questionnaires. Fatigue levels were measured at the start and end of each shift using the 

Brief Fatigue Inventory. Multilevel linear regression analysis was used to predict end of 

shift fatigue based on work demand variables. The best fit model included multiple 

variables from organizational data sources and a physical activity variable measured by a 

wearable sensor. Organizational data can be used to create dynamic measures of work 

demands as they occur and predict end of shift fatigue levels in hospital nurses. 

 Keywords: Fatigue; Nurses; Work demands 

Yan Ge, Yuchen Wang, Yuexin Xiong, Weina Qu. Does visual search 
mediate the effect of chronotype on driving behaviour: Evidence from 

simulated driving. 103313. 

Chronotype refers to individual differences in the timing of circadian sleep-wake cycles 

and subjective alertness throughout the day. It is a potential factor influencing people's 

driving behaviour, but no research has explored the mechanisms underlying this topic. 

The current study aimed to explore the relationship between morningness-eveningness 

preferences and driving behaviour and the mediating effect of visual search between 

them. Thirty-eight drivers were selected to participate in this study based on their 

chronotype. They were divided into morning-type and evening-type groups by their score 

on the reduced Morningness-Eveningness Questionnaire (rMEQ). Both groups completed 

a visual search task and a simulated driving task in a morning session and an evening 

session. The results showed that morningness-eveningness preferences had synchronous 

effects on basic driving performance; specifically, morning-type drivers showed better 

driving behaviour in the morning than in the evening, and evening-type drivers showed 

the opposite trend. Furthermore, visual search abilities showed a mediating effect 

between morningness-eveningness preference and driving performance. The mechanisms 

underlying these results are discussed. Related results and data could aid with schedule 

arrangements for professional drivers. 

 Keywords: Chronotype; Synchronous effect; Driving performance; Visual search 

Sebastian Skals, Rúni Bláfoss, Lars Louis Andersen, Michael Skipper 
Andersen, Mark de Zee. Manual material handling in the supermarket 

sector. Part 2: Knee, spine and shoulder joint reaction forces. 103345. 

Manual material handling is common in supermarkets and may be a contributing factor to 

the high prevalence of work-related musculoskeletal disorders, particularly to the lower 

back. This cross-sectional study applied state-of-the-art musculoskeletal models driven 

by kinematic data obtained in two supermarkets to estimate joint reaction forces in the 

knees, shoulders and lumbar spine under dynamic lifting conditions. Based on 1479 lifts 

from 15 workers, 8 tasks for which the compression or shear forces in the L5-S1 joint 

exceeded well-known biomechanical tolerance limits were identified. High shoulder forces 

were associated with lifting relatively heavy merchandise to high shelves, while the 

weight of the handled merchandise was the main predictor of high knee forces. The study 

addressed well-known limitations associated with traditional lifting analysis tools and was 



the first to present a detailed analysis of the biomechanical loads during manual material 

handling tasks in the supermarket sector based on field measurements. 

 Keywords: Musculoskeletal modelling; Inertial motion capture; Musculoskeletal 

diseases 

Joseph Smyth, Stewart Birrell, Roger Woodman, Paul Jennings. 
Exploring the utility of EDA and skin temperature as individual 
physiological correlates of motion sickness. 103315. 

Motion sickness (MS) is known to be a potentially limiting factor for future self-driving 

vehicles – specifically in regards to occupant comfort and well-being. With this as a 

consideration comes the desire to accurately measure, track and even predict MS state in 

real-time. Previous research has considered physiological measurements to measure MS 

state, although, this is mainly measured after an MS exposure and not throughout 

exposure(s) to a MS task. A unique contribution of this paper is in the real-time tracking 

of subjective MS alongside real-time physiological measurements of Electrodermal 

Activity (EDA) and skin temperature. Data was collected in both simulator-based 

(controlled) and on-road (naturalistic) studies. 40 participants provided at total of 61 

data sets, providing 1603 min of motion sickness data for analysis. This study is in 

agreement that these measures are related to MS but evidenced a total lack of reliability 

for these measures at an individual level for both simulator and on-road experimentation. 

It is likely that other factors, such as environment and emotional state are more 

impactful on these physiological measures than MS itself. At a cohort level, the 

applicability of physiological measures is not considered useful for measuring MS 

accurately or reliably in real-time. Recommendations for further research include a 

mixed-measures approach to capture other data types (such as subject activity) and to 

remove contamination of physiological measures from environmental changes. 

 Keywords: Biometrics; Driver state monitoring; Human factors; Motion sickness; 

Physiology 

Sebastian Skals, Rúni Bláfoss, Michael Skipper Andersen, Mark de Zee, 
Lars Louis Andersen. Manual material handling in the supermarket 
sector. Part 1: Joint angles and muscle activity of trapezius descendens 

and erector spinae longissimus. 103340. 

Work-related musculoskeletal disorders are highly prevalent in the supermarket sector 

with manual material handling being one of the most commonly identified occupational 

risk factors. This cross-sectional study applied inertial motion capture and 

electromyography (EMG) to measure full-body kinematics and muscle activity of 

trapezius descendens and erector spinae longissimus during 50 manual material handling 

tasks performed by 17 workers in two supermarkets. The handling of bread and 

cucumbers to high shelf heights showed the highest trapezius muscle activity (from 47% 

to 59% peak normalized EMG), while the handling of bananas as well as lifting milk, 

bread and cucumbers from low to high positions showed the highest erector spinae 

activity (from 59% to 71%). Twenty-two tasks involved flexing the shoulders and trunk 

more than 90° and 50°, respectively. Based on these results, several manual handling 

practices in supermarkets should be reconsidered to reduce the physical work demands. 
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Cecilia Pettersson, Martin Nilsson, Morgan Andersson, Helle Wijk. The 
impact of the physical environment for caregiving in ordinary housing: 
Experiences of staff in home- and health-care services. 103352. 



The strong driving forces for ageing in place demand sustainable solutions for the 

housing and care of older people and the health and safety of home- and health-care 

staff. The aim of the study was to elucidate staff experiences of providing home- and 

health-care to older people living in ordinary housing. This study was part of a larger 

project investigating the relation between home design and conditions for care in 

ordinary housing. The data were gathered through focus group interviews with staff in 

home- and health-care. Three main themes were found according to staff experiences of 

particular rooms’ sizes and proportions, spatial configurations, and aspects to consider 

when designing new housing. This study contributes important knowledge about essential 

features of the physical environment for staff providing home- and health-care for older 

people in their own homes and to aid the development of functionally sustainable housing 

to minimise injuries to staff. 

 Keywords: Older people; Ordinary housing; Working environment 

Nahian S. Chowdhury, Wilson Luu, Stephen Palmisano, Hiroyasu Ujike, 
Juno Kim. Spatial presence depends on ‘coupling’ between body sway 

and visual motion presented on head-mounted displays (HMDs). 103355. 

This study investigated the effects of simulating self-motion via a head-mounted display 

(HMD) on standing postural sway and spatial presence. Standing HMD users viewed 

simulated oscillatory self-motion in depth. On a particular trial, this naso-occipital visual 

oscillation had one of four different amplitudes (either 4, 8, 12 or 16 m peak-to-peak) 

and one of four different frequencies (either 0.125, 0.25, 0.5 or 1 Hz). We found that 

simulated high amplitude self-oscillation (approximately 16 m peak-to-peak) at either 

0.25 Hz or 0.5 Hz: 1) generated the strongest effects on postural sway; and 2) made 

participants feel more spatially present in the virtual environment. Our findings provide 

insight into the parameters of simulated self-motion that generate the strongest postural 

responses within virtual environments. These postural constraints have valuable 

implications for improving our understanding of sensory processes underlying the 

ergonomic experience of virtual environments simulated using HMDs. 

 Keywords: Self-motion perception; Vision; Head-mounted display (HMD); 

Presence; Postural stability 

Rui-Rui Qi, Shui-Feng Xiao, Lei-Lei Pan, Yu-Qi Mao, Yang Su, Lin-Jie 
Wang, Yi-Ling Cai. Profiling of cybersickness and balance disturbance 
induced by virtual ship motion immersion combined with galvanic 
vestibular stimulation. 103312. 

Profile of cybersickness and balance disturbance induced by virtual ship motion alone and 

in combination with galvanic vestibular stimulation (GVS) remained unclear. Subjects 

were exposed to a ship deck vision scene under simulated Degree 5 or 3 sea condition 

using a head-mounted virtual reality display with or without GVS. Virtual ship motion at 

Degree 5 induced significant cybersickness with symptom profile: nausea 

syndrome > central (headache and dizziness) > peripheral (cold sweating) > increased 

salivation. During a single session of virtual ship motion exposure, GVS aggravated 

balance disturbance but did not affect most cybersickness symptoms except cold 

sweating. Repeated exposure induced cybersickness habituation which was delayed by 

GVS, while the temporal change of balance disturbance was unaffected. These results 

suggested that vestibular inputs play different roles in cybersickness and balance 

disturbance during virtual reality exposure. GVS might not serve as a potential 

countermeasure against cybersickness induced by virtual ship motion. 

 Keywords: Virtual ship motion; Galvanic vestibular stimulation; Cybersickness; 

Balance disturbance 



D. Janson, S.T. Newman, V. Dhokia. Safety footwear: A survey of end-

users. 103333. 

This paper presents the results of an extensive survey concerning the experience of 

safety footwear end-users. Safety footwear has been in widespread use across many 

industries worldwide since the 1970s, and has become an essential part of industrial 

Personal Protective Equipment. The number of women entering predominantly male 

industrial environments, and requiring safety footwear is rising, and this is accompanied 

by anecdotal reports of ill-fitting and uncomfortable footwear. This research proactively 

compares the opinions of women and men regarding their experience of safety footwear. 

A systematically designed survey aims to substantiate previously anecdotal knowledge 

around safety footwear, including key drivers for end-user purchases, wear habits and 

comfort issues (establishing any differences between women and men). Chi-squared 

testing was used to assess statistical significance and ensure robustness of findings. The 

responses and resulting analysis confirmed that comfort and fit were key drivers for all 

end users; women and men have different wear habits (women wear their safety 

footwear less frequently and for shorter periods of time than men – likely due to the 

reported comfort issues); a significant proportion of women (60%) found their safety 

footwear less comfortable than their regular footwear, however, 45% of men also 

reported the same, which has not been reported anecdotally. In general, the users of 

safety footwear accepted a level of discomfort in at least one area of the foot before 

deeming footwear ‘uncomfortable’. The significant analysis performed on the captured 

data has, to the authors knowledge, never before been undertaken for this breadth of 

industry, age and gender with 632 responses received. This makes it the largest study of 

this field to date. 

 Keywords: Safety footwear; Survey; Comfort; Fit; PPE; Personal Protective 

Equipment 


