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Gaurav Patel, Prabir Mukhopadhyay. Ergonomic analysis and design 
intervention in symbols used in hospitals in central India. 103410 

People visiting different Government Hospitals at Jabalpur in central India, were facing 

problems in comprehending different symbols. One of such hospital authority approached 

the research team for developing new symbols which could be easily comprehended by 

the users. Based on this, the current study was conducted, which included two 

experiments. The first experiment dealt with the ergonomic evaluation and identification 

of problems associated with the existing symbols. New concepts were then developed 

based on Ergonomic principles and users’ feedback. The second experiment focused upon 

testing of the new concepts on the target users. Results of Experiment 1 indicated that 

the mean comprehension level was 22.3% for all the existing symbols (n = 41). Low 

scores (on a scale of 1–10) were found for the existing symbol for ergonomic principles 

(mean value was 1.9 for Compatibility, 2.1 for Familiarity, and 2.0 for Standardisation). 

Redesigned concepts of the symbols were tested on the target users, the result indicated 

an improvement in comprehensibility of newly designed symbols. The mean 

comprehension level for 53 new/redesigned symbols was 70.2%, which included redesign 

of 41 orignal and inclusion of 12 new symbols. High scores (on a scale of 1–10) were 

received for all the new symbols for ergonomic principles (the mean value was 8.4 for 

Compatibility, 8.5 for Familiarity, and 8.5 for Standardisation). Findings of this study may 

be helpful for the researchers working in the domain of information ergonomics in space 

related to healthcare sector or similar areas. 

 Keywords: Healthcare; Comprehension; Compatibility; Familiarity; 

Standardisation; Information 

Steven P. Davidson, Stephen M. Cain, Lauro Ojeda, Antonia M. Zaferiou, 
Rachel V. Vitali, Leia A. Stirling, Noel C. Perkins. Quantifying warfighter 

performance during a bounding rush (prone-sprinting-prone) maneuver. 
103382. 

A single sacrum mounted inertial measurement unit (IMU) was employed to analyze 

warfighter performance on a bounding rush (prone-sprinting-prone) task. Thirty-nine 

participants (23M/16F) performed a bounding rush task consisting of four bounding rush 

cycles. The sacrum mounted IMU recorded angular velocity and acceleration data were 

used to provide estimates of sacral velocity and position. Individual rush cycles were 

parsed into three principal movement phases; namely, the get up, sprint, and get down 

phases. The timing of each phase was analyzed, averaged for each participant, and 

compared to the overall rush cycle time using regression analysis. A cluster analysis 



further reveals differences between high and low performers. Get down time was most 

predictive of bounding rush performance (R2 = 0.75) followed by get up time 

(R2 = 0.58) and sprint time (R2 = 0.40). Comparing high and low performers, the get 

down time exhibited nearly twice the effect on mean rush cycle time compared to get up 

time (effect size of −2.61 to −1.46, respectively). Overall, this IMU-based method 

reveals key features of the bounding rush that govern performance. Consequently, this 

objective method may support future training regimens and performance standards for 

military recruits, and parallel applications for athletes. 

 Keywords: Bounding rush; Warfighter performance; Inertial measurement units; 

Biomechanics 

Shawna J. Perry, Kenneth Catchpole, A. Joy Rivera, Sarah Henrickson 
Parker, John Gosbee. ‘Strangers in a strange land’: Understanding 
professional challenges for human factors/ergonomics and healthcare. 
103040. 

Human Factors and ergonomics (HFE) expertise continues to have difficulty integrating 

its experts into healthcare. This persistent disconnect is compounded by unique aspects 

of healthcare as an institution, industry and work system. Clinically-embedded HFE 

practitioners, a new HFE sub-specialty, are a conduit for addressing substantive 

mismatches between the two domains. Greater HFE penetration will require a 

fundamental change in stance for both domains, however, the burden will lie with HFE to 

be the more adaptive of the two. Learning more about the in situ work of this sub-

specialty will provide insights for more nuanced approaches to bridging domain specific 

mismatches and obstacles. 

 Keywords: Healthcare; Systems thinking; Embedded human factors 

Haroun Zerguine, Venerina Johnston, Genevieve N. Healy, Alison Abbott, 
Ana D. Goode. Usage of sit-stand workstations: Benefits and barriers 
from decision makers’ perspective in Australia. 103426. 

The aim of this cross-sectional mixed-method study was to understand the current use, 

and practices to support the implementation, of sit-stand workstations (SSWs) from the 

perspective of furniture purchasing decision makers in Australian organisations. An online 

survey, and in-depth interviews with a purposive sub-sample were conducted. A total of 

216 eligible participants from 150 organisations across 18 sectors completed the survey 

with 17 interviews conducted. 40% of organisations provided SSWs on request while 

41% reported not using them appropriately. Over half provided no training on the 

appropriate use of SSWs (n = 109, 51%) nor used any strategies to enhance their use 

(n = 163, 84%). From the interviews, SSWs were perceived effective in reducing 

discomforts and increasing employees’ satisfaction and productivity. Lack of resources 

and guidelines to support SSW usage, and lack of wellbeing knowledge, were identified 

as barriers. Education and ongoing monitoring are important to enhance the appropriate 

use and uptake of SSWs. 

 Keywords: Sit-stand workstation; Standing desk; Office-workers; Sitting 

Yilun Xu, Steven A. Lavender, Carolyn M. Sommerich. The efficacy of a 
lifting strap as an ergonomic intervention for EMS providers: Does it 

make it easier to raise a supine patient to an upright sitting posture? 
103416. 

Service (EMS) providers. The first step in many patient handling situations is where a 

supine patient on the floor is brought to a sitting position. This study investigated 



whether a strap, placed under the patient's torso and long enough that EMS providers 

can perform the patient raising task in a standing posture, reduced muscular effort. 

Fifteen participants raised a simulated patient, with the help of an assistant, using the 

strap method and a traditional method (grasping the shoulders) in an open area, a 

restricted space, and in a bathtub. Torso postures improved in all location conditions 

when using the strap. The muscle activation data showed mixed results. While EMG 

responses from the latissimus dorsi muscles were reduced, EMG activity of the erector 

spinae muscles increased when the strap was used. Perceived effort assessments 

supported the use of the strap. 

 Keywords: Firefighter; EMS; Ergonomics; Intervention; Patient handling; Injury 

prevention 

Antoine Martin, Marie-France Agnoletti, Éric Brangier. Ordinary users, 

precursory users and experts in the anticipation of future needs: 
Evaluation of their contribution in the elaboration of new needs in 

energy for housing. 103394. 

With the growing emergence of ergonomic intervention aiming at designing future 

artefacts, needs analysis is extending to the anticipation of future needs. Both precursory 

users and experts are known for their deep knowledge of the studied field. In this study, 

we conducted 36 needs anticipation interviews with ordinary users, precursory users and 

experts, in order to determine the contribution of each profile to the identification of 

future needs. The lexical and manual analysis of the interviews shows that the precursory 

users' speech is the most valuable in terms of both richness and novelty. The discourse 

of the experts is also richer and more original than that of the ordinary users and differs 

from that of the precursory users: professional-based for the experts and experience-

based for the precursory users. We therefore recommend the inclusion of both experts 

and precursory users in the need's analysis and anticipation phase. 

 Keywords: Precursory users; Needs analysis and anticipation; Prospective 

ergonomics 

Jasmin Vallée Marcotte, Antoine Muller, Xavier Robert-Lachaine, 
Véronique Fecteau, Denys Denis, André Plamondon, Philippe Corbeil. 
New taxonomy for assessing manual material handlers’ footstep 
patterns. 103424. 

Current taxonomies for assessing foot strategies in manual material handling lack 

exhaustive classification of foot movements and foot positioning. They also fail to 

consider different instants of the task as checkpoints to relate foot strategies. The goal of 

the study was first to develop a new taxonomy to assess foot positions and motions 

considering those limitations. The second goal was to assess reliability and reproducibility 

using raw agreement percentages, Cohen's kappa, prevalence-adjusted, bias-adjusted 

kappa and Gwet's AC1. A filmed task consisted of transferring boxes from one pallet to 

another. Intra- and inter-rater reliability were assessed reviewing 23% and 10%, 

respectively, of video data. Reproducibility and reliability results are substantial and 

almost perfect on average. In comparison to similar studies, reproducibility and reliability 

were considered acceptable. 

 Keywords: Footstep strategies; Step; Classification 

Huiyue Wu, Yanyi Deng, Jiajun Pan, Tianxing Han, Yonglin Hu, Kaini 
Huang, Xiaolong (Luke) Zhang. User capabilities in eyes-free spatial 
target acquisition in immersive virtual reality environments. 103400. 



In immersive virtual reality (VR) environments, users rely on the vision channel to search 

for objects. Such eyes-engaged interactive techniques may significantly degrade the 

interaction efficiency and user experience, particularly when users have to turn their 

head frequently to search for a target object in the limited field of view (FOV) of a head-

mounted display (HMD). In this study, we systematically investigated user capabilities in 

eyes-free spatial target acquisition considering different horizontal angles, vertical 

angles, distances from the user's body, and body sides. Our results show that high 

acquisition accuracy and low task load are achieved for target locations at front and 

middle horizontal angles as well as those at middle vertical angles. Meanwhile, a trade-

off cannot be achieved between the acquisition accuracy and the task load for target 

locations at long distances from the user's body. In addition, the acquisition accuracy and 

task load for the target locations vary with the body side. Our research findings can 

provide a deeper understanding of user capability in eyes-free target acquisition and offer 

concrete design guidelines for appropriate target arrangement for eyes-free target 

acquisition in immersive VR environments. 

 Keywords: Virtual reality; Target acquisition; Eyes-free interaction 

Celeste.E. Coltman, Brooke.R. Brisbine, Richard.H. Molloy, Nick.B. Ball, 
Wayne.A. Spratford, Julie.R. Steele. Identifying problems that female 

soldiers experience with current-issue body armour. 103384. 

Despite female soldiers representing a growing user population, military body armour 

systems are currently better suited to the anthropometric dimensions of male soldiers. 

The aim of this study was to explore issues that female soldiers experience with current 

Australian Defence Force (ADF)-issue body armour. Following a sequential exploratory 

design, an initial questionnaire was completed by 97 Australian female soldiers. 

Subsequently, 33 Australian female soldiers participated in one of three focus groups. 

Descriptive statistics of questionnaire data considered alongside thematic analysis of 

focus group transcripts revealed problems with the design (fit, form and function) of 

current ADF-issue body armour, as well as problems with the issuance and education 

surrounding use of the system. It is recommended that anthropometric data of female 

soldiers be better incorporated into future body armour designs, that these data inform 

processes surrounding both acquisition and issuance of body armour and that training 

protocols for body armour use be reviewed. 

 Keywords: Protective equipment; Body armour; Female soldier 

Gulsum Kubra Kaya. A system safety approach to assessing risks in the 
sepsis treatment process. 103408. 

In healthcare, most accidents occur as a result of inadequate interactions between 

system components rather than component failures. In such cases traditional risk 

analysis methods are of limited use for analysing system safety, so methods such as 

Systems Theoretic Process Analysis (STPA) and the Functional Resonance Analysis 

Method (FRAM) have been developed. This study uses STPA to assess risks in the sepsis 

treatment process, discusses the potential value STPA adds and compares the results of 

STPA with the results of another study that used FRAM. The findings indicate that STPA 

and FRAM have different strengths which reflect the different scientific approaches behind 

these two methods. FRAM facilitates an in-depth understanding of a system, while STPA 

allows for more comprehensive risk analysis by identifying more risks, scenarios and 

safety recommendations. Nevertheless, it is reasonable to say that not only does STPA 

provide more comprehensive risk analysis; its terminology and philosophy are also closer 

to the current safety management applications employed in complex systems. 

 Keywords: Risk analysis; STPA; Healthcare; System safety 



Michael David Wilson, Timothy Ballard, Luke Strickland, Alexandra Amy 
Boeing, Belinda Cham, Mark A. Griffin, Karina Jorritsma. Understanding 
fatigue in a naval submarine: Applying biomathematical models and 

workload measurement in an intensive longitudinal design. 103412. 

Fatigue is a critically important aspect of crew endurance in submarine operations, with 

continuously high fatigue being associated with increased risk of human error and long-

term negative health ramifications. Submarines pose several unique challenges to fatigue 

mitigation, including requirements for continuous manning for long durations, a lack of 

access to critical environmental zeitgebers (stimuli pertinent to circadian physiology; 

e.g., natural sunlight), and work, rest and sleep occurring within an encapsulated 

environment. In this paper, we examine the factors that underlie fatigue in such a 

context with the aim of evaluating the predictive utility of a biomathematical model 

(BMM) of fatigue. Three experience sampling studies were conducted with submarine 

crews using a participant-led measurement protocol that included assessments of 

subjective sleepiness, workload (NASA-Task Load Index [TLX] and a bespoke underload-

overload scale), and sleep. As expected, results indicated that predicting KSS with a BMM 

approach outperformed more conventional linear modelling approaches (e.g., time-of-

day, sleep duration, time awake). Both the homeostatic and circadian components of the 

BMM were significantly associated with KSS and used as controls in the workload models. 

We found increased NASA-TLX workload was significantly associated with increased 

average KSS ratings at the between-person level. However, counter to expectations, the 

two workload measures were not found to have significant linear or quadratic relationship 

with fatigue at the within-person level. An important outcome of the research is that 

applied fatigue researchers should be extremely cautious applying conventional linear 

predictors when predicting fatigue. Practical implications for the submarine and related 

extreme work context are discussed. Important avenues for continued research are 

outlined, including directly estimating BMM parameters. 

 Keywords: Fatigue; Mental workload; Extreme work environment; Sleep; 

Experience sampling methodology; Biomathematical modelling; Human 

performance 

C.M. Bauer, I. Nast, M. Scheermesser, R.P. Kuster, D. Textor, M. Wenger, 
J. Kool, D. Baumgartner. A novel assistive therapy chair to improve trunk 
control during neurorehabilitation: Perceptions of physical therapists 
and patients. 103390. 

A prototype assistive therapy chair (T-Chair) that induces exercise stimuli to improve 

trunk control and standing and walking early after stroke has been developed. The aim of 

this study was to assess its usability in a rehabilitation setting. Eleven physical therapists 

(PTs) integrated the T-Chair into the therapy programs of 15 patients post stroke. Each 

patient performed on average four individual therapy sessions on the T-Chair under the 

PTs' supervision. Usability was assessed using questionnaires, therapy diaries and focus 

group interviews with PTs'. Among PTs’, 64% had generally a positive view on the T-

Chair. Physical therapists recognized the potential for unsupervised therapy. Generally, 

patients reacted positively and enjoyed training. The T-Chair has the potential to become 

an adequate training tool for patients with an intermediate trunk control after stroke. 

Further development and usability testing are required to provide a therapeutic device 

allowing for an intensive therapy early post stroke. 

 Keywords: Stroke; Trunk stability and control; Robot-assisted therapy 

Hendrik.J. Bieleman, Noortje.H.M. Rijken, Michiel.F. Reneman, Frits.G.J. 
Oosterveld, Remko Soer. Changes in kinematics and work physiology 
during progressive lifting in healthy adults. 103396. 



Purpose: To analyze progression of changes in kinematics and work physiology during 

progressive lifting in healthy adults. Methods: Healthy participants were recruited. A 

standardized lifting test from the WorkWell Functional Capacity Evaluation (FCE) was 

administered, with five progressive lifting low series of five repetitions. The criteria of the 

WorkWell observation protocol were studied: changes in muscle use (EMG), heart rate 

(heart rate monitor), base of support, posture and movement pattern (motion capture 

system). Repeated measures ANOVA's were used to analyze changes during progressive 

workloads. Results: 18 healthy young adults participated (8 men, 10 women; mean age 

22 years). Mean maximum weight lifted was 66 (±3.2) and 44 (±7.4) kg for men and 

women, respectively. With progressive loads, statistically significant (p < 0.01) 

differences were observed: increase in secondary muscle use at moderate lifting, 

increase of heart rate, increase of base of support and movement pattern changes were 

observed; differences in posture were not significant. Conclusions: Changes in 4 out of 

5 kinematic and work physiology parameters were objectively quantified using lab 

technology during progressive lifting in healthy adults. These changes appear in line with 

existing observation criteria. 

 Keywords: Functional capacity evaluation; Observation; Motion analyses; 

Electromyography; Heart rate. WorkWell functional capacity evaluation 

Yao Song, Ameersing Luximon, Yan Luximon. The effect of facial 

features on facial anthropomorphic trustworthiness in social robots. 
103420. 

As the nature of human-robot relationships have become increasingly bound to shift from 

supervisor–machine to friend–companion, people have exhibited an increasing interest in 

making social judgments toward such anthropomorphic objects, such as trustworthiness. 

However, the facial features of social robots and their potential effect on 

anthropomorphic trustworthiness are seldom analyzed and discussed comprehensively. 

This study examined whether the trustworthiness perception toward a social robot shared 

similarity with baby schema features on the human face. It also explored the effects of 

different combinations of baby schema facial features, especially the positions and sizes 

of the eyes and mouth, on facial anthropomorphic trustworthiness. A 5-way mixed 

experiment (N = 270) was conducted accordingly. The results indicated that people 

would experience a high level of facial anthropomorphic trustworthiness toward robots 

with baby schema features (i.e., large eyes, with medium vertical and horizontal 

positions of the eyes and mouth). This paper contributes to the literature on facial 

anthropomorphic trustworthiness in human-robot interaction and provides suggestions 

for social robot design. 

 Keywords: Social robot; Facial anthropomorphic trustworthiness; Baby schema; 

Eyes; Mouth 

Kassandra Bauerfeind, Julia Drüke, Jens Schneider, Adrian Haar, Lennart 
Bendewald, Martin Baumann. Navigating with Augmented Reality – How 
does it affect drivers’ mental load? 103398. 

Drivers have been proven to easily understand Augmented Reality (AR) information. 

Especially in an ambiguous navigation task, drivers are expected to benefit from AR 

information. The driving simulator study was aimed at examining differences in mental 

load while navigating in an urban area with ambiguous intersection situations (N = 59). 

The navigation information was presented to the driver through a head-up display 

(HUD): a conventional HUD or an AR display, which relates information to the 

surroundings. Additionally, the driver had to solve a non-driving-related task (NDRT) 

which was an auditory cognitive, spatial task. Results showed that while driving with the 

AR display, participants performed better in the NDRT, which indicates a reduced mental 



load compared with the HUD. Participants drove on average 3 km/h slower with the HUD, 

showing compensation behaviour. 

 Keywords: Augmented Reality; Head-up display; Driver's mental load; 

Ambiguous navigation task 

Chantel B. Eckland, Anita Vasavada, Robert D. Catena. Shoulder and 
elbow requirements during sagittal reach as a result of changing 
anthropometry throughout pregnancy. 103411. 

During pregnancy, anthropometric and physiological changes can result in difficulty 

reaching for and lifting everyday objects. The aims of this study were to determine the 

changes in sagittal plane anterior reach space (SPARS) and shoulder/elbow strength 

requirements throughout pregnancy. Seventeen participants were tested through a 

longitudinal observational cohort study between 16 and 36 weeks gestation in four-week 

intervals. A 25% decrease in SPARS was observed at the L3-4 torso height. Combined 

with arm mass increases, shoulder and elbow moment requirements at the minimum and 

maximum static reach distances significantly increased. However, inverse dynamics 

analysis determined that mass gains in the arm alone only minimally impact dynamic 

shoulder moments. Additionally, torso flexion increases throughout pregnancy 

demonstrates that women are attempting to compensate for decreased SPARS, possibly 

indicating the additional perceptual importance of reach space in accommodations for 

pregnant workers. 

 Keywords: Pregnancy; Reach; Shoulder 

Stefanie M. Faas, Martin Baumann. Pedestrian assessment: Is displaying 
automated driving mode in self-driving vehicles as relevant as emitting 
an engine sound in electric vehicles? 103425. 

Pedestrians rely on vehicle dynamics, engine sound, and driver cues. The lack of engine 

sound now constitutes an addressed pedestrian safety issue for (hybrid) electric vehicles 

((H)EVs). Analogously, lacking driver cues may constitute a pedestrian safety issue for 

self-driving vehicles (SDVs). The purpose of this study was to systematically compare the 

relevance of substituting driver cues with an external human-machine interface among 

SDVs (no eHMI vs. eHMI) with the relevance of substituting engine sound with artificial 

sound among (H)EVs (no engine sound vs. engine sound). In a within-subject design, 

twenty-nine participants acting as pedestrians encountered a simulated SDV in a parking 

lot. The results revealed that both informational cues have equally large effects on 

subjective measures such as perceived safety. In semi-structured interviews, participants 

stated that it is equally crucial to equip SDVs with an eHMI as equipping (H)EVs with an 

artificial sound generator. We conclude that an eHMI for SDVs seems to be as relevant as 

an artificial sound for (H)EVs. 

 Keywords: Self-driving vehicles; External human-machine interface; Engine 

sound 

Annie Yu, Kit-lun Yick, Sin-tung Wong. Analysis of length of finger 
segments with different hand postures to enhance glove design. 103409. 

It is important to understand how the hand and fingers elongate and contract with hand 

posture for optimally fitting and comfortable gloves. Nevertheless, the measurement and 

analysis of the finger segments for glove designs remain largely neglected. Here, the 

length and proportion of the finger segments when splayed and during gripping, and 

between the dorsal and palm sides of 30 participants are 3D scanned and analysed. The 

full digit lengths change by 7.6–11.9% with hand posture, but the finger segment 



changes are not proportional. The ratios of the fingertip to distal interphalangeal joint/full 

digit, and fingertip to the proximal interphalangeal joint/full digit, are important 

variables. The results are validated with 10 more subjects based on ratings of a ready-to-

wear sports glove. Inaccurate proportioning of the finger regions causes shifting which 

results in displacement and discomfort. This research contributes to glove pattern 

engineering, with a focus on the finger segments. 

 Keywords: Proportion of finger segments; Hand posture; Glove displacement 

Andrew D. Hall, Nicholas J. La Delfa, Chris Loma, Jim R. Potvin. A 

comparison between measured female linear arm strengths and 
estimates from the 3D Static Strength Prediction Program (3DSSPP). 
103415. 

This study performed a direct comparison between empirically measured female linear 

arm strengths and those estimated with the 3D Static Strength Prediction Program 

(3DSSPP). Linear arm strengths were collected from 15 female participants, at four hand 

locations and six primary directions (n = 360), and then estimated with 3DSSPP 

incorporating each participant's own segment lengths, body masses and joint strengths, 

and the measured arm postures from each trial to optimize the accuracy of 3DSSPP. In 

spite of this, the errors in 3DSSPP's estimated arm strength values were very high (RMS 

error = 56.0 N and 40.4%) and poorly correlated (r2 = 29.2%) with measured strengths. 

These results seriously question the accuracy of 3DSSPP to estimate female linear arm 

strengths and percent capable values, for the range of conditions tested, likely due to the 

overly simplified assumptions made to estimate triaxial shoulder strength. 

 Keywords: Physical ergonomics; Occupational biomechanics; Task assessment 

Jo-Yu Kuo, Chun-Hsien Chen, Shinichi Koyama, Danni Chang. 
Investigating the relationship between users' eye movements and 
perceived product attributes in design concept Evaluation. 103393. 

Eye movements as the indicators of human information processing have been studied in 

many domains. However, it is not clear how users’ eye movements differ among specific 

product attribute, while visual impression of a product plays a crucial part in 

distinguishing product designs. Therefore, this paper attempts to establish guidance for 

exploring eye tracking applications in design concept validations through two case 

studies. The first case study investigated the product attributes based on the theory of 

cognitive-affective emotions. The second investigated the product attributes for apparent 

functionality and affective quality. The eye movements of 105 participants were analyzed 

when they evaluated the products images. The results indicated that product attributes 

perceived in evaluation tasks can be predicted from eye movements. Moreover, 

compared to the new users, experienced users had a longer mean fixation duration and 

tended to form their impressions of the product from multiple components. 

 Keywords: Eye tracking; Product design evaluation; Users' perception 

Ido Morag, Ariel L. Zimerman. Evaluating teamwork among medical 

staff: How to measure and compare aspects of the team mental models 
of doctors and nurses. 103418. 

Shared perceptions of a task among those responsible for its completion are important 

for achieving successful outcomes. This study proposes a framework for eliciting various 

aspects of team members' “mental models” (TMMs) of complex medical tasks. The 

intention is to provide ‘proof of concept’ for a methodology to measure similarities and 

differences between team members' perceptions of selected attributes of the task. 



Applying our framework in a gynecology ward, we use cognitive interviewing and concept 

mapping to reveal differences between the TMMs of doctor and nurse teams. These group 

differences are found to reflect limited awareness of the other group's level of 

involvement, workload, responsibilities and contributions to quality of care. We argue 

that such differences may lead to frustration, conflict, poor teamwork and risks to patient 

safety; but once identified, and subject to certain limitations, the differences could be 

used to develop interventions that will enhance teamwork. 

 Keywords: Teamwork; Mental models; Process failures; Treatment quality; 

Patient safety; Work structure and content 

Marie-Eve Major, Hélène Clabault, Pascal Wild. Interventions for the 
prevention of musculoskeletal disorders in a seasonal work context: A 

scoping review. 103417. 

Seasonal work is characterized by difficult working conditions further influenced by 

organizational, physical, and time constraints which expose seasonal workers to high 

risks of MSDs. Our aim was to provide an overview of the recommendations and 

interventions carried out in a seasonal work context to prevent MSDs. To do this, we 

conducted a scoping review through a systematic electronic search of seven scientific 

databases and the websites of ergonomics and occupational health and safety 

organizations. After screening by independent reviewers according to specific criteria 

sets, we performed qualitative analyses on the 16 studies retained. Findings revealed six 

categories of transformation targets sought by the interventions/recommendations with 

the technical devices/physical work environment category being the most reported. We 

also found it was quite rare for studies to consider the seasonal work context in and of 

itself when developing and implementing interventions. Our review thus highlights the 

need to pay attention to intervention processes in order to better understand the 

influence of seasonality on the measures taken to prevent MSDs in working 

environments. 

 Keywords: Seasonal work; Musculoskeletal disorders; Review studies; 

Occupational health and safety; Intervention 

Francisca S. Rodriguez, Khadija Saleem, Jan Spilski, Thomas Lachmann. 
Performance differences between instructions on paper vs digital 

glasses for a simple assembly task. 103423. 

Objective: Providing instruction for assembly tasks is essential in modern manufacturing 

industry, as well as in households for customers that buy products to be assembled at 

home. Recent technological developments might be able to assist in completing an 

assembly task faster and more accurately. The aim of this study was to evaluate whether 

performance and usability differs when instructions for an assembly task are presented 

on digital glasses versus paper. Methods: Participants (n = 63) completed one of three 

versions of an assembly task (between-subject-design) with LEGO® bricks: (1) with 

paper instruction (P), (2) with text instructions presented stepwise via digital glasses 

(GT), (3) with stepwise text and auditory instruction (in parallel) on digital glasses (GA). 

Outcome measures on performance were completion time and errors. Furthermore, 

usability was measured by the User Experience Questionnaire, the Standardized Usability 

Questionnaire, the Post-Study Usability Questionnaire, and cognitive processing skills 

were assessed by the Trail Making Test and different versions of the Eriksen Flanker 

Task. Analyses were adjusted for the confounding factors age, gender, experience with 

glasses and LEGO, and problems with instruction. Results: Findings indicate that task 

completion was faster with the paper instructions compared to both versions of 

instruction via digital glasses (GT, GA). We observed no difference in accuracy and 

usability between the instructions. “Novelty” was rated higher for instructions for both GT 

and GA, compared to P. Discussion: Results show that instructions on digital glasses 



may not always be more effective for assembly than the traditional paper-based 

instructions. Further studies are necessary to investigate whether effectiveness may 

depend on task complexity, target group, experience of the user with task and device, 

and how the information is presented. 

 Keywords: Data glasses; Digital glasses; Smart eyewear device; Smart glasses; 

Google glasses; Head-mounted display; Assembly task; LEGO®; Assistance; 

Assistance systems; Instructions; Assembly experiment 

David P. Looney, Elizabeth M. Doughty, Peter S. Figueiredo, Sai V. 
Vangala, J. Luke Pryor, William R. Santee, Holly L. McClung, Adam W. 
Potter. Effects of modern military backpack loads on walking speed and 

cardiometabolic responses of US Army Soldiers. 103395. 

Introduction: Military leaders must understand how modern military equipment loads 

affect trade-offs between movement speed and physiological strain to optimize pacing 

strategies. Purpose: To evaluate the effects of load carried in a recently developed 

military backpack on the walking speed and cardiometabolic responses of dismounted 

warfighters. Methods: Fifteen soldiers (1 woman, 14 men; age, 22 ± 2 years; height, 

173 ± 7 cm; body mass (BM), 73 ± 10 kg) completed incremental walking tests with four 

external load conditions (0, 22, 44, or 66% BM) using the US Army's newest backpack: 

the Modular Lightweight Load-Carrying Equipment 4000 (MOLLE 4000). Oxygen uptake 
(V ̇O2) and heart rate (HR) were evaluated relative to maximal values (V ̇O2max and 

HRmax respectively). Testing ceased when participants completed the highest tested 

speed (1.97 m s−1), exceeded a respiratory exchange ratio (RER) of 1.00, or reached 

volitional exhaustion. Results: Peak speed significantly decreased (p < 0.03) with 

successively heavier loads (0% BM, 1.95 ± 0.06 m s−1; 22% BM, 1.87 ± 0.10 m s−1; 

44% BM, 1.69 ± 0.13 m s−1; 66% BM, 1.48 ± 0.13 m s−1). Peak V ̇O2 was significantly 

lower (p < 0.01) with 0% BM (47 ± 5% V ̇O2max) than each load (22% BM, 58 ± 8% 

V ̇O2max; 44% BM, 63 ± 10% V ̇O2max; 66% BM, 61 ± 11% V ̇O2max). Peak HR was 

significantly lower (p < 0.01) with 0% BM (71 ± 5% HRmax) versus each load (22% BM, 

83 ± 6% HRmax; 44% BM, 87 ± 6% HRmax; 66% BM, 88 ± 6% HRmax). Conclusion: 
Overburdened warfighters suffer severe impairments in walking speed even when 

carrying recently developed military load carriage equipment. Our results suggest that 

the relative work intensity of heavy load carriage may be better described when 
expressed relative to HRmax versus V ̇O2max. 

 Keywords: Cardiorespiratory; Energy expenditure; Exercise metabolism; Fatigue; 

Movement economy; Oxygen cost 

Vivien Esther Moll, Thomas Franke. Biased energy efficiency perception 

based on instantaneous consumption displays – Indication for heuristic 
energy information processing. 103399. 

Instantaneous consumption displays (ICDs) can be used as central information source to 

perceive the energy efficiency of manoeuvre-level driving. A key question is whether 

drivers who use ICDs can accurately derive energy efficiency differences of different 

driving strategies based on ICDs. There is reason to assume that drivers' consumption 

judgements may be biased, similar to driving-related phenomena like the time-saving 

bias. Therefore, the aim of the present research was to examine drivers’ accuracy in 

deriving average consumption from dynamic ICD sequences. Participants viewed videos 

of a schematic ICD in a controlled experiment where the maximum instantaneous 

consumption systematically varied over time. Participants (N = 55) overestimated the 

average consumption values. The empirical ranking of the sequences did significantly 

correlate with the heuristic but not with the correct efficiency ranking. The current study 

incorporated multilevel modelling due to the nested structure of the data. The estimation 



difference was greater with higher peak height and shorter peak duration. The effect of 

peak height on estimation difference weakened with longer peak duration. In sum, the 

results indicate that ICDs can create biased perceptions of energy efficiency and that 

drivers seem to use simplifying heuristics. Knowledge and affinity for technology 

interaction appear to relate to biased estimations, whereas the intensity of prior 

experience with consumption displays seems irrelevant. Further studies should test other 

interfaces with debiasing potential such as manoeuvre-based aggregation or fading-trace 

approaches. Moreover, studies are needed that enable modelling of the effects of more 

natural temporal-spatial visual attention distribution (e.g. in a driving simulator setting). 

 Keywords: Biased perception; Heuristics; Instantaneous consumption displays; 

Data visualisation; Energy efficiency 

Adriane Mara de Souza Muniz, Douglas Sizenando, Gabriel Lobo, Eduardo 
Borba Neves, Michel Gonçalves, Runer Marson, Rudnei Palhano, Luciano 
Menegaldo, Rodrigo Rico Bini. Effects from loaded walking with 

polyurethane and styrene-butadiene rubber midsole military boots on 
kinematics and external forces: A statistical parametric mapping 
analysis. 103429. 

This study compared ground reaction forces (GRF) and lower limb two-dimensional (2D) 

kinematic waveforms, with and without load carriage, in military personnel walking in two 

different types of boots. Data were measured in 24-soldiers walking on a 10-m walkway 

under four randomized crossover trials: wearing two military boots (styrene-butadiene 

rubber midsole – SBR – 63 Shore A; and polyurethane midsole – PU – 48 Shore A); with 

and without a 15-kg backpack. GRF traditional parameters were evaluated by two-way 

ANOVAs. GRF and kinematic waveforms were assessed using a statistical parametric 

mapping (SPM) method (two-way ANOVA). No interaction effects were observed between 

footwear and load. GRF at the beginning of stance was lower while wearing the SBR boot 

condition compared to the PU boot condition. Load carriage increased trunk, hip, and 

knee flexion. The analyzed military boots did not affect movement patterns during loaded 

walking and the military boot with SBR midsole material reduced impact to a greater 

extent. The study demonstrated that the design and materials (e.g., midsole material 

and thickness) used in boot manufacturing can influence military boot performance. 

 Keywords: Military footwear; Load carriage; Walking; Working boots 

Hamidreza Mokarami, Rosanna Cousins, Alireza Choobineh. 
Understanding job stress in The Iranian oil industry: A qualitative 

analysis based on the work systems model and macroergonomics 
approach. 103407. 

The aim of this study was to understand why and how working in the oil industry causes 

job stress. Using the work-systems model as a guiding framework, we conducted 15 in-

depth interviews with employees of an oil company located on an island in the Persian 

Gulf to investigate work system-related stressors. The interviews were audio-taped, and 

qualitative content data analysis was carried out continuously and simultaneously with 

data collection over a 12-month period. 1118 meaning codes were extracted which could 

be understood though fourteen categories of stressor associated with the five themes of 

the work system. Employees reported the job was stressful primarily because of 

organizational structural problems and management attributes, although aspects of living 

and working on the small island were also difficult. These results provide direction for 

intervention that can dovetail with risk assessment of occupational health of workers. 

 Keywords: Work-related stress; Macroergonomics; Sociotechnical system theory; 

Organization ergonomics; Work schedules 



Megan J. Blakely, Samantha L. Smith, Paul N. Russell, William S. Helton. 
The impact of cognitive load on climbing and climbing on cognitive 
performance. 103413. 

Objective: We examined the impact of increasing cognitive load on climbing 

performance and the impact of climbing on concurrent cognitive task performance. 

Background: Generally when two tasks are performed simultaneously performance of 

one or both suffers relative to performance of each alone. Such dual task decrement is 

not confined to competing cognitive tasks, but has also been found when one task 

involves demanding physical activity. Method: Skilled climbers performed a traverse 

climb alone and in combination with low and high cognitive load counting tasks, which 

were also performed alone. Results: In more realistic physical settings, physical and 

cognitive tasks will interfere, unlike what some literature using laboratory physical tasks 

may indicate. Conclusion: Compared to single task (climb only) performance concurrent 

counting and climbing resulted in impaired performance. However, climbers appeared to 

prioritize climbing over cognitive task performance. Application: The results and this 

program of research have implications for occupations that involve concurrent demanding 

physical activity and cognitive task performance. Précis: High risk, physical tasks in real 

world conditions appear to hinder cognitive performance more so than low-risk physical 

tasks carried out in laboratory conditions. 

 Keywords: Climbing; Dual task; Physical performance; Rock climbing; Tone 

counting 

Mona Bär, Benjamin Steinhilber, Monika A. Rieger, Tessy Luger. The 
influence of using exoskeletons during occupational tasks on acute 
physical stress and strain compared to no exoskeleton – A systematic 

review and meta-analysis. 103385. 

Objectives: This systematic review and meta-analysis determined the effects of using an 

exoskeleton during occupational tasks on physical stress and strain compared to not 

using an exoskeleton. Methods: Systematic electronic database searches were 

performed and the review was prepared according to the PRISMA guidelines. Treatment 

effects on the predefined outcomes were calculated using standardized mean differences 

for continuous outcomes in several meta-analyses using Review Manager 5.3. 

Registration: PROSPERO (CRD42020168701). Results: 63 articles were included in 

qualitative syntheses and 52 in quantitative, but most of them did not extensively 

evaluate musculoskeletal stress and strain and the risk of bias was rated high for all 

included studies. Statistically significant effects of using back, upper-limb, or lower-limb 

exoskeletons have been observed in the supported body areas (e.g. reduced muscle 

activity, joint moments and perceived strain). Studies which did not exclusively focus on 

the supported body area also showed statistically significant effects in the non-supported 

areas (e.g. changed muscle activity and perceived strain) and in physiological outcomes 

(e.g. reduced energy expenditure). Conclusions: Using an exoskeleton during 

occupational tasks seems to reduce user's acute physical stress and strain in the 

exoskeleton's target area. However, impact on workers' health is still unknown, primarily 

because of missing long-term evaluations under real working conditions. Furthermore, 

this systematic review highlights a lack of studies (1) following high quality 

methodological criteria, (2) evaluating various inter-related stress and strain parameters 

instead of only focusing on one specific, and (3) evaluating non-target body areas 

instead of only the directly supported body area. 

 Keywords: Assistive device; Biomechanics; Muscle activity; Work-related 

musculoskeletal disorder 



Andrew Hill, Sophie J. Francis, Mark S. Horswill, Melany J. Christofidis, 
Marcus O. Watson. A human factors approach to subcutaneous insulin 
chart design improves user-performance: An experimental study. 
103389. 

Insulin is a high-risk medicine that has been implicated in serious adverse events for 

hospital inpatients, including medication-error related deaths. Most insulin errors occur 

during administration, and “wrong dose” is the most common type. A paper-based 

subcutaneous insulin chart (the “NSIC”) was developed for the Australian Commission on 

Safety and Quality in Health Care, using a range of human factors methods, with the aim 

of reducing the opportunity for errors. The present lab-based study empirically assessed 

whether the NSIC's human factors design translates into improved user-performance in 

the determination of insulin doses, compared with a pre-existing chart. Forty-one 

experienced nurses and 48 novice chart-users completed 60 experimental trials (30 per 

chart), in which they determined doses to administer to patients. Both groups 

determined insulin doses faster, and made fewer dose errors, when using the NSIC. 

These results support the utility of the usability heuristics employed in developing the 

chart. 

 Keywords: Medication error; Patient safety; Human factors 

Estefany Rey-Becerra, Lope H. Barrero, Rolf Ellegast, Annette Kluge. The 
effectiveness of virtual safety training in work at heights: A literature 

review. 103419. 

Virtual environment techniques are technologies that can be used for safety training, and 

deliver significant advantages (e.g. risk-free, immersive learning). However, no studies 

have assessed the effectiveness of this training for work at heights (WAH). This paper 

aimed to synthesize the outcomes criteria for measuring the effectiveness of virtual 

safety training of WAH in different work sectors. A total of 658 records were identified 

through an explorative search of relevant citations from 2010 onwards. Only 21 

documents were considered and classified according to the training goal: improvement of 

knowledge, skills or attitudes. Outcomes criteria of virtual safety training were analyzed 

according to Kirkpatrick's model. The results support practitioners and safety managers 

by providing an inventory of training methods, evaluation indicators and evaluation 

effects. Further recommendations are made for the design of an effective training 

assessment. 

 Keywords: Virtual environment; Training effectiveness; Work at heights 

Adam T. Biggs. Developing scenarios that evoke shoot/don't-shoot 
errors. 103397. 

Multiple errors can occur in a use-of-force scenario, although some critical errors involve 

unintended casualties where the target should never have been fired upon. Training 

instructors utilize a variety of methods to ensure military and law enforcement personnel 

do not inflict unintended casualties. However, there is little empirical evidence about the 

best methods to design a shooting simulation that might evoke these errors, which is 

critical to ensure the validity of any assessment or training exercise. The current study 

analyzed performance across a variety of simulated shooting scenarios developed and 

applied for military training purposes. Several factors were assessed based upon either 

the scenario or human performance. Scenario type, number of shots fired, and the ratio 

of hostiles-to-non-hostiles were significant predictors for the likelihood of inflicting an 

unintended casualty. This collected evidence should help improve scenario design for 

future training simulations that will help avoid these critical shooting errors. 



 Keywords: Shooting; Lethal force; Simulation; Unintended casualties; Civilian 

casualties; Errors 

Iman Dianat, Behzad Asadi, Héctor Ignacio Castellucci. Mismatch 
between jar opening demands and wrist torque strength of consumers in 

Iran. 103421. 

This study evaluated the potential mismatch between vacuum-sealed jar opening 

demands and wrist torque strength of 758 (384 males and 374 females) participants 

aged 5–74 years in Iran. Wrist ulnar/radial (U/R) torque strength of participants and 

required torque for opening the existing jars (with 2 different sizes – 65 mm and 85 mm 

diameter lids) were measured using a digital angle torque adaptor and then compared 

together to identify any potential mismatch between them. The mismatch percentages 

were defined as the number of participants whose maximal wrist U/R torque strength 

were lower than the minimum required torque strength for opening the vacuum-sealed 

jars. Minimum required torque strength for opening the existing 65 mm and 85 mm 

vacuum-sealed jars were 4.1 Nm and 6.6 Nm, respectively (range = 4.1 Nm to 10.2 

Nm). A considerable mismatch (range = 25%–100%) was found between the required 

torque strength for opening the existing jars and the wrist U/R torque strength of the 

study population, particularly for females and those aged 5–9 years. A torque limit of 1.8 

Nm was proposed for opening jars for the entire population. 

 Keywords: Force; Openability; Package design; Packaging; Twisting 


