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Andrew Thatcher & Paul H.P. Yeow. A sustainable system of systems 

approach: a new HFE paradigm. Pages 167-178. 

Sustainability issues such as natural resource depletion, pollution and poor working 

conditions have no geographical boundaries in our interconnected world. To address 

these issues requires a paradigm shift within human factors and ergonomics (HFE), to 

think beyond a bounded, linear model understanding towards a broader systems 

framework. For this reason, we introduce a sustainable system of systems model that 

integrates the current hierarchical conceptualisation of possible interventions (i.e. micro-, 

meso- and macro-ergonomics) with important concepts from the sustainability literature, 

including the triple bottom line approach and the notion of time frames. Two practical 

examples from the HFE literature are presented to illustrate the model. The implications 

of this paradigm shift for HFE researchers and practitioners are discussed and include the 

long-term sustainability of the HFE community and comprehensive solutions to problems 

that consider the emergent issues that arise from this interconnected world. 

Practitioner Summary: A sustainable world requires a broader systems thinking than 

that which currently exists in ergonomics. This study proposes a sustainable system of 

systems model that incorporates ideas from the ecological sciences, notably a nested 

hierarchy of systems and a hierarchical time dimension. The implications for sustainable 

design and the sustainability of the HFE community are considered. 

� Keywords: complex systems, system of systems, parent–sibling–child system, 

sustainability, emergence 

Stephen S. Bao, Jay M. Kapellusch, Andrew S. Merryweather, Matthew S. 
Thiese, Arun Garg, Kurt T. Hegmann & Barbara A. Silverstein. 
Relationships between job organisational factors, biomechanical and 

psychosocial exposures. Pages 179-194. 

The relationships between work organisational, biomechanical and psychosocial factors 

were studied using cross-sectional data from a pooled dataset of 1834 participants. The 

work organisational factors included: job rotation, overtime work, having second jobs 

and work pace. Task and job level biomechanical variables were obtained through sub-

task data collected in the field or analysed in the laboratory. Psychosocial variables were 



collected based on responses to 10 questions. The results showed that job rotations had 

significant effects on all biomechanical and most psychosocial measures. Those with job 

rotations generally had higher job biomechanical stressors, and lower job satisfaction. 

Overtime work was associated with higher job biomechanical stressors, and possibly self-

reported physical exhaustion. Those having second jobs reported getting along with co-

workers well. Work pace had significant influences on all biomechanical stressors, but its 

impact on job biomechanical stressors and psychosocial effects are complicated. 
Practitioner Summary: The findings are based on a large number of subjects collected 

by three research teams in diverse US workplaces. Job rotation practices used in many 

workplaces may not be effective in reducing job biomechanical stressors for work-related 

musculoskeletal disorders. Overtime work is also associated with higher biomechanical 

stressors. 

� Keywords: work-related musculoskeletal disorders, job risk assessment, job 

rotation, work pace, overtime work 

Robert S. Bridger, Karen Dobson & Hannah Davison. Using the HSE 

stress indicator tool in a military context. Pages 195-206. 

An assessment of the Health and Safety Executive's (HSE) stress indicator tool was 

conducted to determine whether it was suitable for use with Ministry of Defence (MoD) 

personnel. A total of 1031 respondents from the Army, Navy, Air Force and MoD civilians 

completed a questionnaire containing the HSE tool and supplementary measures of 

work–life balance, engagement, deployment, leave taken and hours of work. Six 

measures of adverse reaction to the stressors were also reported: perceptions of job 

stress, job stress and health, psychological strain, fatigue after work, work ability and 

quality of working life. The stressor scales, particularly the ‘demands’ and ‘relationships’ 

scales, were associated with adverse outcomes as was the work–life balance scale. The 

HSE tool had some validity when used with MoD personnel, but its content was too 

narrow. The content validity of the tool can be improved for use in a military context with 

the addition of a ‘work–life balance’ scale’. Practitioner Summary: The HSE stress tool 

was tested with a mixed sample of MoD employees. The ‘Demands and “Relationships” 

scales were associated with adverse outcomes. An additional Work–Life Balance’ scale 

improved the content validity, demonstrating the importance of assessing the 

psychometric qualities of scales when used within particular contexts to ensure validity. 

� Keywords: stress, military, HSE stress indicator tool 

Felix Ladstätter, Eva Garrosa, Bernardo Moreno-Jiménez, Vicente 
Ponsoda, José Manuel Reales Aviles & Junming Dai. Expanding the 

occupational health methodology: A concatenated artificial neural 
network approach to model the burnout process in Chinese nurses. 
Pages 207-221. 

Artificial neural networks are sophisticated modelling and prediction tools capable of 

extracting complex, non-linear relationships between predictor (input) and predicted 

(output) variables. This study explores this capacity by modelling non-linearities in the 

hardiness-modulated burnout process with a neural network. Specifically, two multi-layer 

feed-forward artificial neural networks are concatenated in an attempt to model the 

composite non-linear burnout process. Sensitivity analysis, a Monte Carlo–based global 

simulation technique, is then utilised to examine the first-order effects of the predictor 

variables on the burnout sub-dimensions and consequences. Results show that (1) this 

concatenated artificial neural network approach is feasible to model the burnout process, 

(2) sensitivity analysis is a prolific method to study the relative importance of predictor 

variables and (3) the relationships among variables involved in the development of 

burnout and its consequences are to different degrees non-linear. Practitioner 



Summary: Many relationships among variables (e.g. stressors and strains) are not 

linear, yet researchers use linear methods such as Pearson correlation or linear 

regression to analyse these relationships. Artificial neural network analysis is an 

innovative method to analyse non-linear relationships and in combination with sensitivity 

analysis superior to linear methods. 

� Keywords: burnout, artificial neural network, hardiness, health services, 

sensitivity analysis 

Pyoung Jik Lee, Byung Kwon Lee, Jin Yong Jeon, Mei Zhang & Jian Kang. 
Impact of noise on self-rated job satisfaction and health in open-plan 
offices: a structural equation modelling approach. Pages 222-234. 

This study uses a structural equation model to examine the effects of noise on self-rated 

job satisfaction and health in open-plan offices. A total of 334 employees from six open-

plan offices in China and Korea completed a questionnaire survey. The questionnaire 

included questions assessing noise disturbances and speech privacy, as well as job 

satisfaction and health. The results indicated that noise disturbance affected self-rated 

health. Contrary to popular expectation, the relationship between noise disturbance and 

job satisfaction was not significant. Rather, job satisfaction and satisfaction with the 

environment were negatively correlated with lack of speech privacy. Speech privacy was 

found to be affected by noise sensitivity, and longer noise exposure led to decreased job 

satisfaction. There was also evidence that speech privacy was a stronger predictor of 

satisfaction with environment and job satisfaction for participants with high noise 

sensitivity. In addition, fit models for employees from China and Korea showed slight 

differences. Practitioner Summary: This study is motivated by strong evidence that 

noise is the key source of complaints in open-plan offices. Survey results indicate that 

self-rated job satisfaction of workers in open-plan offices was negatively affected by lack 

of speech privacy and duration of disturbing noise. 

� Keywords: noise, open-plan office, job satisfaction, health, structural equation 

model 

Ray F. Lin & Allan D. Rugama. Graphical message transmission using the 
monotonic vibration function of a smart phone. Pages 235-248. 

This study aimed at evaluating four vibrotactile capabilities for perceiving graphical 

information presented on a smart phone. Thirty-two blindfolded college students 

participated in four experiments to test their capabilities of two-point discrimination, 

relative and absolute judgments of line thickness, and recognition of basic shapes. All the 

information was received through the default vibration function of the phone, sensed by 

their scanning fingers. The results showed a good two-point discrimination accuracy rate, 

reaching 98.8% when the distance between two points was set at 3.2 mm; the relative 

judgment of line thickness reached the level of 78.3% accuracy when the two-line width 

difference ratio was set at 3%; the absolute judgment reached the level of 78.8% when 

the participants recognised line thickness from one of two. Overall, especially for the 

shapes judgment, the information transmitted by the various codes may be quite low. 

These findings should inspire advanced investigations and provide design guidelines. 

Practitioner Summary: This study tested four vibrotactile capabilities for perception of 

graphical information when solely using the monotonic vibration function of a smart 

phone. The results show low information transmission. These findings encourage 

advanced investigations of new coding systems so that relevant mobile applications could 

be developed to help the visually impaired. 

� Keywords: vibrotactile, haptic interface, visually impaired, message 

transmission, graphical information 



Vaniessa Dewi Hapsari & Shuping Xiong. Effects of high heeled shoes 

wearing experience and heel height on human standing balance and 
functional mobility. Pages 249-264. 

This study aimed to examine the effects of high heeled shoes (HHS) wearing experience 

and heel height on human standing balance and functional mobility. Thirty young and 

healthy females (ten experienced and twenty inexperienced HHS wearers) participated in 

a series of balance tests when they wore shoes of four different heel heights: 1 cm (flat), 

4 cm (low), 7 cm (medium) and 10 cm (high). Experimental results show that regardless 

of the wearing experience, the heel elevation induces more effort from lower limb 

muscles (particularly calf muscles) and results in worse functional mobility starting at 

7 cm heel height. While the heel height increased to 10 cm, the standing balance also 

becomes worse. Experienced HHS wearers do not show significantly better overall 

performance on standing balance and functional mobility than inexperienced controls, 

even though they have better directional control (76.8% vs. 74.4%) and larger 

maximum excursion (93.3% vs. 89.7%). To maintain standing balance, experienced 

wearers exert less effort on tibialis anterior, vastus lateralis and erector spinae muscles 

at the cost of more intensive effort from gastrocnemius medialis muscle. Practitioner 
summary: Many women wear high heeled shoes (HHS) to increase female 

attractiveness. This study shows that HHS induce more muscular effort and worse human 

standing balance and functional mobility, especially when heel height reaches 10 cm. 

HHS wearing experience only provides certain advantages to wearers on limits of stability 

in terms of larger maximum excursion and better directional control. 

� Keywords: high heeled shoes, standing balance, fall risk, experience, functional 

mobility 

Jeremy W. Noble, Jonathan C. Singer & Stephen D. Prentice. Control of 

standing balance while using constructions stilts: comparison of expert 
and novice users. Pages 265-275. 

This study examined the control of standing balance while wearing construction stilts. 

Motion capture data were collected from nine expert stilt users and nine novices. Three 

standing conditions were analysed: ground, 60 cm stilts and an elevated platform. Each 

task was also performed with the head extended as a vestibular perturbation. Both 

expert and novice groups exhibited lower displacement of the whole body centre of mass 

and centre of pressure on construction stilts. Differences between the groups were only 

noted in the elevated condition with no stilts, where the expert group had lower levels of 

medial–lateral displacement of the centre of pressure. The postural manipulation 

revealed that the expert group had superior balance to the novice group. Conditions 

where stilts were worn showed lower levels of correspondence to the inverted pendulum 

model. Under normal conditions, both expert and novice groups were able to control their 

balance while wearing construction stilts. Practitioner Summary: This work 

investigated the effects of experience on the control of balance while using construction 

stilts. Under normal conditions, expert and novice stilt users were able to control their 

balance while wearing construction stilts. Differences between the expert and novice 

users were revealed when the balance task was made more difficult, with the experts 

showing superior balance in these situations. 

� Keywords: standing balance, construction silts, centre of mass, centre of 

pressure, inverted pendulum model 

Jaehyon Paik & Frank E. Ritter. Evaluating a range of learning schedules: 
hybrid training schedules may be as good as or better than distributed 

practice for some tasks. Pages 276-290. 



We investigated theoretically and empirically a range of training schedules on tasks with 

three knowledge types: declarative, procedural, and perceptual-motor. We predicted 

performance for 6435 potential eight-block training schedules with ACT-R's declarative 

memory equations. Hybrid training schedules (schedules consisting of distributed and 

massed practice) were predicted to produce better performance than purely distributed 

or massed training schedules. The results of an empirical study (N = 40) testing four 

exemplar schedules indicated a more complex picture. There were no statistical 

differences among the groups in the declarative and procedural tasks. We also found that 

participants in the hybrid practice groups produced reliably better performance than ones 

in the distributed practice group for the perceptual-motor task – the results indicate 

training schedules with some spacing and some intensiveness may lead to better 

performance, particularly for perceptual-motor tasks, and that tasks with mixed types of 

knowledge might be better taught with a hybrid schedule. Practitioner Summary: We 

explored distributed and massed training schedules as well as hybrids between them with 

respect to three knowledge types based on theories and an empirical study. The results 

suggest that industrial and operator training in complex tasks need not and probably 

should not be done on a distributed training schedule. 

� Keywords: learning, retention, training schedules, knowledge types 

Nathaniel Hers, Bonita J. Sawatzky & A. William Sheel. Age-related 

changes to wheelchair efficiency and sprint power output in novice able-
bodied males. Pages 291-297. 

This study examined the effect of age on sub-maximal wheelchair propulsion efficiency 

and sprint power output (SPO) in inexperienced able-bodied males. Two age groups were 

used for this study: a younger adult group (N = 10; mean age 24.8 ± 3.0 years) and an 

older adult group (N = 8; mean age 70.9 ± 5.2 years). No one had prior manual 

wheelchair experience. The primary outcome measures were gross mechanical efficiency 

(GME), mechanical effectiveness (ME) during sub-maximal treadmill wheeling and SPO 

during a max sprint test. There were no significant differences in GME; however, there 

was a significant difference in ME [0.74 ± 0.12 and 0.62 ± 0.08 (p = 0.007)] and sprint 

test [SPO = 224.66 ± 79.25 and 125.98 ± 53.02 (W) (p = 0.008)], for younger and 

older adults, respectively. Healthy, active older individuals can have a physiological 

capacity similar to younger populations to wheel sub-maximally, but their ME and lower 

SPO reduce the ability to propel manual wheelchairs during maximal wheeling. 

Practitioner summary: Understanding the potential for older adults to propel 

wheelchairs is important as the population ages with disabilities. This study 

demonstrated significantly lower ME but not GME in older versus younger adult 

populations. Strength training may be needed to keep older adults active in manual 

wheelchairs. 

� Keywords: older adults, wheelchair propulsion, biomechanics, energetics, 

mechanical efficiency 

Ursa Ciuha, Mikael Grönkvist, Igor B. Mekjavic & Ola Eiken. Strategies 
for increasing evaporative cooling during simulated desert patrol 

mission. Pages 298-309. 

The study evaluated the efficiency of two heat dissipation strategies under simulated 

desert patrol missions. Ten men participated in four trials, during which they walked on a 

treadmill (45°C, 20% relative humidity), carrying a load of 35 kg; two 50-min walks 

were separated by a 20-min rest. Cooling strategies, provided by an ambient air-

ventilated vest (active cooling condition, AC), or water spraying of the skin during the 

rest (passive cooling condition, PC), in addition to reduced clothing and open zippers, 

were compared to conditions with full protective (FP) clothing and naked condition (NC). 

Skin temperature was higher during NC (37.9 ± 0.4°C; p < 0.001), and rectal 



temperature and heart rate were higher during FP (38.6 ± 0.4°C, p < 0.001 and 

145 ± 12, p < 0.001, respectively), compared to other conditions. Four subjects 

terminated the trial prematurely due to signs of heat exhaustion in FP. Both cooling 

strategies substantially improved evaporative cooling. Practitioner Summary: Cooling 

strategies, provided by an ambient air-ventilated vest and water spraying of the skin, 

were compared to conditions with full protective clothing and a naked condition during a 

simulated desert patrol mission. Both cooling strategies improved evaporative cooling 

and reduced heat strain, compared to the full protection condition. 

� Keywords: protective clothing, evaporative cooling, heat acclimatisation, cooling 

strategies 

Hardy A. van de Ven, Jac J.L. van der Klink, Céline Vetter, Till 
Roenneberg, Marijke Gordijn, Wendy Koolhaas, Michiel P. de Looze, 
Sandra Brouwer & Ute Bültmann. Sleep and need for recovery in shift 
workers: do chronotype and age matter? Pages 310-324. 

This study examined associations of chronotype and age with shift-specific assessments 

of main sleep duration, sleep quality and need for recovery in a cross-sectional study 

among N = 261 industrial shift workers (96.6% male). Logistic regression analyses were 

used, adjusted for gender, lifestyle, health, nap behaviour, season of assessment and 

shift schedule. Shift workers with latest versus earliest chronotype reported a shorter 

sleep duration (OR 11.68, 95% CI 3.31–41.17) and more awakenings complaints (OR 

4.84, 95% CI 4.45–11.92) during morning shift periods. No associations were found 

between chronotype, sleep and need for recovery during evening and night shift periods. 

For age, no associations were found with any of the shift-specific outcome measures. The 

results stress the importance of including the concept of chronotype in shift work 

research and scheduling beyond the concept of age. Longitudinal research using shift-

specific assessments of sleep and need for recovery are needed to confirm these 

results.Practitioner Summary: Chronotype seems to better explain individual  

differences in sleep than age. In view of ageing societies, it might therefore be 

worthwhile to further examine the application of chronotype for individualised shift work 

schedules to facilitate healthy and sustainable employment. 

� Keywords: work schedule tolerance, Munich Chronotype Questionnaire, shift 

work, circadian rhythm 


