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Michael J. Jorgensen, Nils A. Hakansson, Jaydip Desai. Influence of 
different passive shoulder exoskeletons on shoulder and torso muscle 

activation during simulated horizontal and vertical aircraft squeeze 
riveting tasks. 103822. 

Aircraft manufacturing involves riveting utilizing squeeze riveting tools at heights from 

below elbow to overhead levels. This study assessed utilization of passive shoulder 

exoskeletons on shoulder and torso muscle activation during simulated squeeze riveting. 

Horizontal and vertical riveting tasks using squeeze riveting tools were performed by 16 

aircraft workers wearing three different shoulder exoskeletons and a no-exoskeleton 

condition capturing electromyographic signals from shoulder and torso muscles. 

Exoskeletons reduced normalized EMG for the left anterior deltoid at both heights (6.6% 

and 15.7%), the right anterior deltoid (8.3%) and the right and left medial deltoid (9.3% 

and 8.9%) at the upper height for horizontal squeeze riveting. Exoskeletons reduced 

normalized EMG for the right and left anterior deltoids (7.0% - 10.6%) and medial 

deltoids (1.3%–7.1%) within the upper zones during vertical squeeze riveting. 

Participants felt exoskeletons would be beneficial for squeeze riveting, however no 

preference was found among the exoskeletons used. 

 Keywords: passive shoulder exoskeletons; Electromyography; Aircraft 

manufacturing 

David D. Williams, Kurt E. Beschorner, Daina L. Sturnieks, Stephen R. 
Lord, Erika M. Pliner. Situational factors that influence overreaching on a 

ladder during a gutter clearing task among older adults. 103794. 

Ladder falls from overreaching are a problem in older adults. Evidence suggests ladder 

use behavior to be dependent on interfacing user and environmental circumstances (i.e. 

situational factors). This study investigates the effects of situational factors (remaining 

debris, ladder position, time into task, hand dominant reach, reaching disposition) on 

reaching during a gutter clearing task on a ladder in 104 older adults. Reaching was 

quantified as the maximum lateral center of pressure (COP) displacement from the 

ladder's center. A reach was classified as an overreach when the COP displaced outside 

the ladder width, indicative of a ladder tip. Reaching disposition, remaining debris, ladder 

position, and the interaction of reaching disposition and remaining debris predicted 20% 

of the reaching variability during the ladder task. Overreaching was observed in 40% of 

participants accounting for 13% of all extended reaches (beyond ladder). This work can 

guide interventions on mitigating overreaching and improving ladder safety. 



 Keywords: Ladder falls; Reaching; Decision making 

Yujin Kwon, Gwanseob Shin. Upper extremity muscle activity when 
vacuuming floors with cordless stick vacuum cleaners. 103821. 

Upright vacuum cleaners for home use have been replaced with lightweight cordless stick 

vacuum cleaners, specifically those with the center of mass (CoM) near the handle. The 

current study evaluated upper extremity muscular loads associated with household floor 

vacuuming with the high CoM stick vacuum cleaners. Twenty participants conducted 

vacuuming on tiled and carpeted floors with straight and curved back-and-forth motions 

using medium (2.92 kg) and heavier weight (3.56 kg) cordless stick vacuums. The 

myoelectric signals of their upper extremity muscles were quantified during vacuuming. 

Mean normalized activity ranged from 8.2% to 20.2% of the maximum contraction 

capacity, with greater activity when vacuuming carpeted floors with a heavier vacuum 

cleaner. Study findings indicate that floor vacuuming with a cordless stick vacuum may 

not be as ergonomically efficient as assumed by their lighter weight. Instead, it is a 

physically demanding housekeeping activity that needs ergonomic attention. 

 Keywords: Housekeeping; Vacuum cleaner; Electromyography 

Nicole E. Werner, Rachel A. Rutkowski, Richard J. Holden, Siddarth 

Ponnala, Andrea Gilmore-Bykovskyi. A human factors and ergonomics 
approach to conceptualizing care work among caregivers of people with 
dementia. 103820. 

Society relies upon informal (family, friend) caregivers to provide much of the care to the 

estimated 43.8 million individuals living with Alzheimer's disease and related dementias 

globally. Caregivers rarely receive sufficient training, resources, or support to meet the 

demands associated with dementia care, which is often associated with increased risk of 

suboptimal outcomes. Human factors and ergonomics (HFE) can address the call for new 

approaches to better understand caregiving and support caregiver performance through 

systematic attention to and design of systems that support the work of caregivers– their 

care work. Thus, our objective was to perform a work system analysis of care work. We 

conducted a qualitative study using a Critical Incident Technique interviewing approach 

and Grounded Dimensional Analysis analytic procedures. Our findings introduce a new 

conceptual framework for understanding the care work system of dementia caregivers 

and suggest that care work is influenced by interactions among distinct caregiver goals, 

the task demands of the care needs of the person with dementia, daily life needs of the 

caregiver and family, and contextual factors that shape caregivers' perceptions 

surrounding care. The initial work system model produced by this study provides a 

foundation from which future work can further elucidate the care work system, determine 

how the care work system intersects and coordinates with other work systems such as 

the patient work system, and design systems that address caregivers' individual 

caregiving context. 

 Keywords: Patient work; Informal caregiving; Patient ergonomics; Work system; 

Alzheimer's disease; Dementia 

Matthew P. Mavor, Kristina M. Gruevski, Gwyneth B. Ross, 
Mohammadhossein Akhavanfar, Allison L. Clouthier, Linda L.M. Bossi, 
Thomas Karakolis, Ryan B. Graham. A data-driven framework for 

assessing soldier performance, health, and survivability. 103809. 

Presented is a framework that uses pattern classification methods to incrementally 

morph whole-body movement patterns to investigate how personal (sex, military 

experience, and body mass) and load characteristics affect the survivability tradespace: 



performance, musculoskeletal health, and susceptibility to enemy action. Sixteen civilians 

and 12 soldiers performed eight military-based movement patterns under three body-

borne loads: ∼5.5 kg, ∼22 kg, and ∼38 kg. Our framework reduces dimensionality using 

principal component analysis and uses linear discriminant analysis to classify groups and 

morph movement patterns. Our framework produces morphed whole-body movement 

patterns that emulate previously published changes to the survivability tradespace 

caused by body-borne loads. Additionally, we identified that personal characteristics can 

greatly impact the tradespace when carrying heavy body-borne loads. Using our 

framework, military leaders can make decisions based on objective information for 

armour procurement, employment of armour, and battlefield performance, which can 

positively impact operational readiness and increase overall mission success. 

 Keywords: Military; Pattern classification; Principal component analysis 

Connor Lusk, Ken Catchpole, David M. Neyens, Swati Goel, Riley Graham, 
Nicolas Elrod, Amanjot Paintlia, Myrtede Alfred, Anjali Joseph, Candace 

Jaruzel, Catherine Tobin, Timothy Heinke, James H. Abernathy. 
Improving safety in the operating room: Medication icon labels increase 
visibility and discrimination. 103831. 

Misreading labels, syringes, and ampoules is reported to make up a 54.4% of medication 

administration errors. The addition of icons to medication labels in an operating room 

setting could add additional visual cues to the label, allowing for improved discrimination, 

visibility, and easily processed information that might reduce medication administration 

errors. A multi-disciplinary team proposed a method of enhancing visual cues and 

visibility of medication labels applied to vasoactive medication infusions by adding icons 

to the labels. Participants were 1.12 times more likely to correctly identify medications 

from farther away (p < 0.001, AOR = 1.12, 95% CI: 1.02, 1.22) with icons. When icons 

were present, participants were 2.16 times more likely to be more confident in their 

identifications (p < 0.001, AOR = 2.16, 95%CI: 1.80, 2.57). Carefully designed icons 

may offer an additional method for identifying medications, and thus reducing medication 

administration errors. 

 Keywords: Human factors; Icons; Medication errors; Medication labeling 

Jisun Kim, Kirsten Madeira-Revell, John Preston. Promoting passenger 

behaviour change with provision of occupancy information to help 
moderate train overcrowding: A cognitive work analysis approach. 

103801. 

Passengers' travel behaviour is one of the significant factors affecting train overcrowding. 

Train occupancy information has been introduced as a tool to stimulate passengers' 

behaviour change to ease in-vehicle crowding. However, there are limitations to this 

strategy as it often fails to consider other elements in the complex rail system that 

influence behaviour. This research provides insights to service providers to promote 

passenger behaviour change by revealing the behavioural constraints in the environment. 

Cognitive Work Analysis (CWA) was applied to systematically analyse passengers’ 

behaviour and related constraints in the environment. Specifically, Work Domain Analysis 

(WDA) and Social Organisation and Cooperation Analysis (SOCA) were conducted and 

presented in the forms of Abstraction Hierarchy (AH) and Contextual Activity Template 

(CAT). Results showed that a wide range of informational, navigational and physical 

support alongside provision of occupancy information could better encourage passengers 

to select and use less busy carriages and trains. Behaviour change goals are likely to be 

achieved more effectively when the constraints of the system are better understood. 



 Keywords: Cognitive work analysis; Train crowding; Occupancy information; 

Passenger behaviour change 

Luca Gualtieri, Federico Fraboni, Matteo De Marchi, Erwin Rauch. 
Development and evaluation of design guidelines for cognitive 

ergonomics in human-robot collaborative assembly systems. 103807. 

Industry 4.0 is the concept used to summarize the ongoing fourth industrial revolution, 

which is profoundly changing the manufacturing systems and business models all over 

the world. Collaborative robotics is one of the most promising technologies of Industry 

4.0. Human-robot interaction and human-robot collaboration will be crucial for enhancing 

the operator's work conditions and production performance. In this regard, this enabling 

technology opens new possibilities but also new challenges. There is no doubt that safety 

is of primary importance when humans and robots interact in industrial settings. 

Nevertheless, human factors and cognitive ergonomics (i.e. cognitive workload, usability, 

trust, acceptance, stress, frustration, perceived enjoyment) are crucial, even if they are 

often underestimated or ignored. Therefore, this work refers to cognitive ergonomics in 

the design of human-robot collaborative assembly systems. A set of design guidelines 

has been developed according to the analysis of the scientific literature. Their 

effectiveness has been evaluated through multiple experiments based on a laboratory 

case study where different participants interacted with a low-payload collaborative 

robotic system for the joint assembly of a manufacturing product. The main assumption 

to be tested is that it is possible to improve the operator's experience and efficiency by 

manipulating the system features and interaction patterns according to the proposed 

design guidelines. Results confirmed that participants improved their cognitive response 

to human-robot interaction as well as the assembly performance with the enhancement 

of workstation features and interaction conditions by implementing an increasing number 

of guidelines. 

 Keywords: Collaborative robotics; Collaborative assembly systems; Cognitive 

ergonomics; Human factors; Industry 4.0 

Farzaneh Shahini, Maryam Zahabi. Effects of levels of automation and 
non-driving related tasks on driver performance and workload: A review 
of literature and meta-analysis. 103824. 

This study assessed the effects of different levels of automation and non-driving related 

tasks (NDRT) on driver performance and workload. A systematic literature review was 

conducted in March 2021 using Compendex, Google Scholar, Web of Science, and Scopus 

databases. Forty-five studies met the inclusion criteria. A meta-analysis was conducted 

and Cochrane risk of bias tool and Cochran's Q test were used to assess risk of bias and 

homogeneity of the effect sizes respectively. Results suggested that drivers exhibited 

safer performance when dealing with critical incidents in manual driving than partially 

automated driving (PAD) and highly automated driving (HAD) conditions. However, 

drivers reported higher workload in the manual driving mode as compared to the HAD 

and PAD conditions. Haptic, auditory, and visual-auditory takeover request modalities are 

preferred over the visual-only modality to improve takeover time. Use of handheld 

NDRTs significantly degraded driver performance as compared to NDRTs performed on 

mounted devices. 

 Keywords: Level of automation; Takeover; Performance; Workload; Driver 



Thomas Rietveld, Riemer J.K. Vegter, Lucas H.V. van der Woude, Sonja 

de Groot. A newly developed hand rim for wheelchair tennis improves 
propulsion technique and efficiency in able-bodied novices. 103830. 

A new wheelchair tennis hand rim was developed, having a larger contact area and 

higher friction. How does this new hand rim compare to a regular hand rim regarding 

submaximal propulsion with a tennis racket during practice in novices? Twenty-four able-

bodied novices (12 Regular Rim, 12 New Rim) completed a one-day experiment: pre-

test, three practice-sessions and a post-test of 3 × 4 min each on a wheelchair 

ergometer (1.11 m/s, 7W). The New Rim group compared to the Regular Rim group, had 

a lower negative work per cycle (−0.83J vs. −2.06J, p = 0.01) at the post-test. There 

was a significantly larger increase in mechanical efficiency between the pre- and post-

test in the New Rim group (2.3–3.4% vs. 2.1–2.5%, p = 0.02) compared to the Regular 

Rim group. The new rim led to a more ergonomic propulsion technique, with a reduction 

in negative power and higher mechanical efficiency between the pre- and post-test at 

submaximal propulsion. 

 Keywords: Wheelchairs; Motor skills; Ergonomics; Para-athletes; Inventions 

Judith G.M. Jelsma, Hidde P. van der Ploeg, Lidewij R. Renaud, 

Dominique P.M. Stijnman, Anne Loyen, Maaike A. Huysmans, Allard J. 
van der Beek, Femke van Nassau. Mixed-methods process evaluation of 
the Dynamic Work study: A multicomponent intervention for office 

workers to reduce sitting time. 103823. 

Previously, we observed no significant reductions in sitting time of the multicomponent 

Dynamic Work (DW) intervention among office workers. In this study we used mixed-

method data to understand context, implementation (i.e. recruitment and delivery) and 

mechanism of impact (i.e. experiences) of the DW intervention and to explore whether 

an higher implementation index score led to larger changes in participants’ outcomes. We 

found considerable variation across departments regarding context (i.e. different size and 

work tasks) and implementation (i.e. delivery varied). Satisfaction with the DW 

intervention was high. An higher implementation index score was associated with lower 

overall sitting time, lower occupational sitting time, higher number of steps/day and 

steps/day at work at 4-months, which was maintained at 8-month for occupational sitting 

time. These findings provide an understanding that implementation was affected by a 

lack of availability of intervention components, department policy, work tasks, positioning 

and work location. Trial registration: Clinicaltrials.gov, registration 

number:NCT03115645. Registered February 17, 2017 – Retrospectively registered, 

https://clinicaltrials.gov/ct2/show/NCT03115645. 

 Keywords: Multicomponent intervention; Process evaluation; Office workers 

Woojoo Kim, Shuping Xiong. Pseudo-haptics and self-haptics for 
freehand mid-air text entry in VR. 103819. 

Despite the lack of haptic feedback, two-finger typing remains as a common freehand 

mid-air text entry method in VR. To compensate for this limitation, we investigated the 

effect of pseudo-haptics and thumb-to-finger pinch self-haptics. Three types of virtual 

keyboards were developed for comparison: a normal virtual keyboard without any haptic 

features, a pseudo-haptic keyboard providing a haptic illusion by adding pseudo-haptic 

features to the normal virtual keyboard, and a pinch keyboard providing passive self-

haptic feedback when the index finger touches the thumb to type bubble-shaped keys. A 

follow-up user study was conducted on the three keyboards to measure typing 

performance, perceived workload, and user experience. The results showed that the 

pseudo-haptic and pinch keyboards were comparable to the normal one in typing 



performance and workload, but beneficial in user experience and preference. The findings 

suggest that pseudo-haptics and self-haptics could achieve experiential benefits in VR 

text entry without obtrusive extra devices. 

 Keywords: Virtual reality; Text entry; Mid-air interaction; Haptic feedback; 

Keyboard 

Yung-Ping Liu, Hsieh-Ching Chen, Wei-Hsien Hong, Wei-Chun Weng. 
Effects of different tools and working height on physical workload in 

vertical cleaning tasks applying ambient control techniques. 103818. 

This study aimed to investigate the effects of different tools and working heights on 

physical workloads in vertical cleaning tasks. Thirty healthy adults were recruited to use 

a rag and a long-handle tool (LHT) to simulate cleaning operations on the Wii Fit board 

surfaces of 3 different heights, respectively. Participants used a lower 50th percentile 

force but were required to spend a longer time to finish the task while using an LHT than 

using a rag. The tool preferences were the main factors considered for efficiency and 

personal subjective workload and physiological load. 76.6% of the participants preferred 

to use the LHT instead of the rag at a high task height, but 70% preferred to use the rag 

when working at a medium task height. For low workload cleaning tasks on vertical 

surfaces, employers should provide cleaners with different handle lengths tools to choose 

from to reduce the cleaner's workload. 

 Keywords: Vertical cleaning task; Simulation task environment; Physical 

workload 

Hilda Bø Lyng, Carl Macrae, Veslemøy Guise, Cecilie Haraldseid-Driftland, 
Birte Fagerdal, Lene Schibevaag, Janne Gro Alsvik, Siri Wiig. Exploring 
the nature of adaptive capacity for resilience in healthcare across 

different healthcare contexts; a metasynthesis of narratives. 103810. 

Adaptive capacity has been described as instrumental for the development of resilience in 

healthcare. Yet, our theoretical understanding of adaptive capacity remains relatively 

underdeveloped. This research therefore aims at developing a new understanding of the 

nature of adaptive capacity by exploring the following research questions: 1. What 

constitutes adaptive capacity across different healthcare contexts? and 2. What type of 

enabling factors support adaptive capacity across different healthcare contexts? The 

study used a novel combination of qualitative methods featuring a metasynthesis of 

narratives based on empirical research to contribute understanding of adaptive capacity 

across different healthcare contexts. The findings show that adaptive capacity was found 

to include four forms: reframing, aligning, coping, and innovating. A framework 

illustrating the relatedness between the identified forms, in terms of resources, change 

and enablers, is provided. Based on these findings, a new definition of adaptive capacity 

for resilience in healthcare is proposed. 

 Keywords: Adaptive capacity; Resilience in healthcare; Quality; Reframing; 

Aligning; Coping; Innovating; Definition; Conceptual framework 

Grant L. Butler, Gemma J.M. Read, Paul M. Salmon. Understanding the 

systemic influences on maritime pilot decision-making. 103827. 

Maritime incidents occurring during pilotage are of international concern. Maritime pilots 

control most pilotage operations worldwide, yet despite the safety criticality of their role, 

research examining pilot decision-making processes during these complex and dynamic 

operations is scarce. This article describes the findings from two studies that utilised an 

integrated systems thinking framework to understand how pilots make decisions and 



what factors are perceived to influence their decisions. Interviews were held with 22 

pilots (Study 1) and 17 maritime safety stakeholders (Study 2) in the New Zealand 

maritime context. The findings illustrate the challenges pilots face during pilotage and 

provide insights into their decision-making processes and the systemic factors that can 

be addressed to improve maritime safety. Given the multiple causal pathways to 

incidents occurring during pilotage identified by this research, it is suggested that 

multiple systems-wide interventions are needed, which is likely to require a long-term, 

strategic approach. 

 Keywords: Systems thinking; Decision-making; Maritime pilot; Critical decision 

method; AcciMap 

Chris Harrison, Julian Stow, Xiaocheng Ge, Jonathan Gregory, Huw 

Gibson, Alice Monk. At the limit? Using operational data to estimate train 
driver human reliability. 103795. 

Human reliability analysis plays an important role in the safety assessment and 

management of rail operations. This paper discusses how the increasing availability of 

operational data can be used to develop an understanding of train driver reliability. The 

paper derives human reliability data for two driving tasks, stopping at red signals and 

controlling speed on approach to buffer stops. In the first of these cases, a tool has been 

developed that can estimate the number of times a signal is approached at red by trains 

on the Great Britain (GB) rail network. The tool has been developed using big data 

techniques and ideas, recording and analysing millions of pieces of data from live 

operational feeds to update and summarise statistics from thousands of signal locations 

in GB on a daily basis. The resulting driver reliability data are compared to similar 

analyses of other train driving tasks. This shows human reliability approaching the 

currently accepted limits of human performance. It also shows higher error rates 

amongst freight train drivers than passenger train drivers for these tasks. The paper 

highlights the importance of understanding the task specific performance limits if further 

improvements in human reliability are sought. It also provides a practical example of how 

big data could play an increasingly important role in system error management, whether 

from the perspective of understanding normal performance and the limits of performance 

for specific tasks or as the basis for dynamic safety indicators which, if not leading, could 

at least become closer to real time. 

Alexander T. Miller, Michelle B. Herberts, Stephanie L. Hansel, Jean C. 
Fox, M. Susan Hallbeck, John League, Chadrick Hinson, Carol Van Dyke, 
Joseph A. Murray. Procedural and anthropometric factors associated 

with musculoskeletal injuries among gastroenterology endoscopists. 
103805. 

Background and aims: Musculoskeletal (MSK) injuries among gastroenterologists are 

common. Our study describes risk factors and consequences of injury by comparing 

provider-specific anthropometric and objective procedural data to self-reported injury 

patterns. Methods: A validated MSK symptom survey was sent to gastroenterologists to 

gauge prevalence, distribution, and severity of active injury. Respondents’ procedural 

activities over 7 years were collected via an endoscopic database. Results: 64 surveys 

were completed. 54 respondents had active pain; 53.1% reported activity-limiting injury. 

Activity-limiting injuries lead to longer colonoscopy times (25.3 vs. 22.1 min, P = 0.03) 

and lower procedural volumes (532 vs. 807, P = 0.01). Hand/wrist injuries yielded longer 

colonoscopy insertion times (9.35 vs. 8.21 min, P = 0.03) and less hands-on scope hours 

(81.2 vs. 111.7 h, P = 0.04). Higher esophagogastroduodenoscopy volume corelated 

with shoulder injury (336.5 vs. 243.1 EGDs/year, P = 0.04). Females had more foot 

injuries (P = 0.04). Conclusion: Activity-limiting MSK symptoms/injuries affect over 

50% of endoscopists with negative impact on procedural volume and efficiency. 



 Keywords: Endoscopy; Colonoscopy; Ergonomics; Injury; Disability; 

Musculoskeletal; Pain; Occupational injury 

Jing Yuan, Xiaolu Bai, Brendan Driscoll, Ming Liu, He Huang, Jing Feng. 
Standing and Walking Attention Visual Field (SWAVF) task: A new 

method to assess visuospatial attention during walking. 103804. 

Visuospatial attention during walking has been associated with pedestrian safety and fall 

risks. However, visuospatial attention measures during walking remained under-

explored. Current studies introduced a newly-developed Standing and Walking Visual 

Attention Field (SWAVF) task to assess visuospatial attention during walking and 

examined its reliability, validity, and stability. Thirty young adults completed a traditional 

computerized Attention Visual Field (AVF) task while sitting, and the SWAVF task under 

walking and standing settings. Nine participants also performed the SWAVF task under 

additional distraction conditions. Results showed good split-half reliability during standing 

(r = 0.70) and walking (r = 0.69), moderate concurrent validity with the sitting AVF task 

(r = 0.42), moderate convergent validity between the standing and walking settings 

(r = 0.69), good construct validity, and moderate rank-order stability (r = 0.53). Overall, 

the SWAVF task showed good psychometric properties. Potential applications to the 

evaluation of prosthetic and other exoskeleton devices, smart glasses, and ground-level 

traffic lights or signs were discussed. 

 Keywords: Walking; Visuospatial attention; Measurement 

Karolyn Ning, Kit-Lun Yick, Annie Yu, Joanne Yip. Effects of textile-

fabricated insole on foot skin temperature and humidity for enhancing 
footwear thermal comfort. 103803. 

Traditional insole materials which trap heat and moisture inside footwear cause 

discomfort to the wearer. Here, a novel textile-fabricated insole material with a 3D 

structure that offers good porosity and breathability for improving the footwear 

microclimate is proposed. Changes in foot skin temperature and humidity when wearing 

the textile-fabricated insole throughout treadmill walking are collected from 21 female 

subjects (age: 25.5 ± 4.5) and compared with traditional and 3D printed insoles. 

Subjective assessment of their perceived thermal comfort with various insole conditions 

is also conducted. In comparison to polyurethane, 3D printed thermoplastic polyurethane 

and leather insoles, textile-fabricated insoles show no significant changes in foot skin 

temperature. Nevertheless, a significant reduction of the relative humidity of the skin of 

the sole (3.21%) and heel (24.41%) is found. The findings are a valuable reference for 

the fabrication of insoles with higher wear comfort. 

 Keywords: Max 3): insole; Footwear; Thermal comfort 

Hamid Norasi, Emmanuel Tetteh, Katherine E. Law, Sid Ponnala, M. 

Susan Hallbeck, Matthew Tollefson. Intraoperative workload during 
robotic radical prostatectomy: Comparison between multi-port da Vinci 
Xi and single port da Vinci SP robots. 103826. 

The goal of this study was to quantify and compare prospective self-reported 

intraoperative workload and teamwork during robot-assisted radical prostatectomy 

(RARP) for multi-port da Vinci Xi (MP) and single-port da Vinci SP (SP) robots. The self-

reported workload (surgeon and surgical team) and teamwork (surgeon) measures were 

collected and compared between MP and SP RARPs, as well as the learning curve. Results 

from 25 MP and SP RARPs showed that overall, the NASA-TLX workload subscales were 

lower, and the teamwork modified NOTECHS subscales were higher for the MP RARPs 

compared to the SP RARPs. The underlying reason for the significant differences between 



these two RARP surgical procedures could be other factors (e.g., robot design factors) in 

addition to the surgeon and surgical team's experience. The results also suggested 

learning effects through the 25 SP RARPs; however, twenty-five procedures may not be 

enough to achieve proficiency with the SP system. 

 Keywords: Robotic surgery; Operating room workload; Teamwork 


