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Nathan Lau, Greg A. Jamieson & Gyrd Skraaning Jr. Inter-rater reliability 
of query/probe-based techniques for measuring situation awareness. 
pages 959-972. 

Query- or probe-based situation awareness (SA) measures sometimes rely on process 
experts to evaluate operator actions and system states when used in representative 
settings. This introduces variability of human judgement into the measurements that 
require inter-rater reliability assessment. However, the literature neglects inter-rater 
reliability of query/probe-based SA measures. We recruited process experts to provide 
reference keys to SA queries in trials of a full-scope nuclear power plant simulator 
experiment to investigate the inter-rater reliability of a query-based SA measure. The 
query-based SA measure demonstrated only ‘moderate’ inter-rater reliability even 
though the queries were seemingly direct. The level of agreement was significantly 
different across pairs of experts who had different levels of exposure to the experiment. 
The results caution that inter-rater reliability of query/probe-based techniques for 
measuring SA cannot be assumed in representative settings. Knowledge about the 
experiment as well as the domain is critical to forming reliable expert judgements. 
Practitioner Summary: When the responses of domain experts are treated as the 
correct answers to the queries or probes of SA measures used in representative or 
industrial settings, practitioners should take caution in assuming (or otherwise assess) 
inter-rater reliability of the situation awareness measures. 

 Keywords: subject-matter-experts, performance assessment, ratings, full-scope 
simulator, experiments, process control, nuclear 

Maryam Ashoori, Catherine M. Burns, Barbara d'Entremont & Kathryn 
Momtahan. Using team cognitive work analysis to reveal healthcare 
team interactions in a birthing unit. pages 973-986. 

Cognitive work analysis (CWA) as an analytical approach for examining complex 
sociotechnical systems has shown success in modelling the work of single operators. The 
CWA approach incorporates social and team interactions, but a more explicit analysis of 
team aspects can reveal more information for systems design. In this paper, Team CWA 
is explored to understand teamwork within a birthing unit at a hospital. Team CWA 
models are derived from theories and models of teamwork and leverage the existing 
CWA approaches to analyse team interactions. Team CWA is explained and contrasted 



with prior approaches to CWA. Team CWA does not replace CWA, but supplements 
traditional CWA to more easily reveal team information. As a result, Team CWA may be a 
useful approach to enhance CWA in complex environments where effective teamwork is 
required. Practitioner Summary: This paper looks at ways of analysing cognitive work 
in healthcare teams. Team Cognitive Work Analysis, when used to supplement traditional 
Cognitive Work Analysis, revealed more team information than traditional Cognitive Work 
Analysis. Team Cognitive Work Analysis should be considered when studying teams. 

 Keywords: cognitive work analysis, teams, healthcare, nursing, task analysis 

Christopher J. Parker, Andrew May & Val Mitchell. User-centred design of 
neogeography: the impact of volunteered geographic information on 
users' perceptions of online map ‘mashups’. pages 987-997. 

This paper investigates the influence of presenting volunteered and professionally created 
geographic information to 101 wheelchair users through an interactive website that 
included information collected by wheelchair-using volunteers. The aim of this 
experiment was to understand the influence that (1) knowing a map-based website 
contains volunteered information and (2) actually including volunteered information 
within an online interactive map (a mashup) have on the perceived trust of the user, 
described in terms of quality and authority. Analysis using Kruskal–Wallis showed that 
judgements of currency were influenced by including geo-information from untrained 
volunteers (volunteered geographic information) within the mashup, but not influenced 
by the participant being told that the online map contained volunteered information. The 
participants appeared to make judgements based on what information they saw, rather 
than what they were told about the source of the information. Practitioner Summary: 
Since 2004, information services have combined crowdsourced (volunteered) alongside 
professional information within online interactive maps. An online experiment presented 
both of these information types to wheelchair users within a travel context. Including 
volunteered information was shown to increase the perceptions of how up-to-date the 
maps were. 

• Keywords: information, access, trust, human factors, crowdsourcing 

Nan Zhao, Wenfeng Chen, Yuming Xuan, Bruce Mehler, Bryan Reimer & 
Xiaolan Fu. Drivers' and non-drivers' performance in a change detection 
task with static driving scenes : is there a benefit of experience? pages 
998-1007. 

The ‘looked-but-failed-to-see’ phenomenon is crucial to driving safety. Previous research 
utilising change detection tasks related to driving has reported inconsistent effects of 
driver experience on the ability to detect changes in static driving scenes. Reviewing 
these conflicting results, we suggest that drivers' increased ability to detect changes will 
only appear when the task requires a pattern of visual attention distribution typical of 
actual driving. By adding a distant fixation point on the road image, we developed a 
modified change blindness paradigm and measured detection performance of drivers and 
non-drivers. Drivers performed better than non-drivers only in scenes with a fixation 
point. Furthermore, experience effect interacted with the location of the change and the 
relevance of the change to driving. These results suggest that learning associated with 
driving experience reflects increased skill in the efficient distribution of visual attention 
across both the central focus area and peripheral objects. Practitioner Summary: This 
article provides an explanation for the previously conflicting reports of driving experience 
effects in change detection tasks. We observed a measurable benefit of experience in 
static driving scenes, using a modified change blindness paradigm. These results have 
translational opportunities for picture-based training and testing tools to improve driver 
skill. 



• Keywords: driving experience, change blindness, change detection, visual 
attention distribution, driving scenes 

Thomas Robert, Julien Causse, Lisa Denninger & Xuguang Wang. A 3D 
analysis of the joint torques developed during driver's ingress–egress 
motion. pages 1008-1020 

Providing an easy ingress–egress (I/E) movement remains a challenge for car designers. 
I/E has been largely studied in kinematics, but not in dynamics. This study proposes: (1) 
to evaluate and describe the motor torques developed in the lower limbs and lumbar 
joints during I/E motions and (2) to analyse the influence of the car geometry and 
subject anthropometry. An experiment was performed to observe 15 subjects of three 
anthropometrical groups getting in and out of a car mock-up simulating three different 
vehicle configurations. Motor torques were extracted using an inverse dynamics analysis. 
Both ingress and egress motions were primarily characterised by large torques. Overall, 
the taller a subject and the lower the seat of the vehicle were, the larger the peak 
torques were. Moreover, peak torques were higher for egress than ingress. These results 
are discussed in regard to the current knowledge on I/E ergonomics. Practitioner 
Summary: Car ingress–egress (I/E) is an ergonomics challenge. Little is known about 
the physical efforts developed in this motion. Developed motor torques were 
experimentally assessed for three anthropometrical groups and vehicle configurations. 
Results obtained were discussed in regard to the current knowledge on I/E ergonomics. 

• Keywords: ingress–egress, joint torques, 3D human motion analysis, 
biomechanics, digital human model 

Jonathan F. Reynolds, Robert E. Leduc, Emily K. Kahnert & Paula M. 
Ludewig. Development of three-dimensional shoulder kinematic and 
electromyographic exposure variation analysis methodology in violin 
musicians. pages 1021-1039. 

A total of 11 male and 19 female violinists performed 30-second random-ordered slow 
and fast musical repertoire while right shoulder three-dimensional kinematic, and upper 
trapezius and serratus anterior surface electromyography (EMG) data were summarised 
using exposure variation analysis (EVA), a bivariate distribution of work time spent at 
categories of signal amplitude, and duration spent at a fixed category of amplitude. 
Sixty-two per cent of intraclass correlation coefficients [1,1] for all kinematic and EMG 
variables exceeded 0.75, and 40% of standard error of the measurement results were 
below 5%, confirming EVA reliability. When fast repertoire was played, increases in odds 
ratios in short duration cells were seen in 23 of 24 possible instances, and decreases in 
longer duration cells were seen in 17 instances in all EVA arrays using multinomial 
logistic regression with random effects, confirming a shift towards shorter duration. A 
reliable technique to assess right shoulder kinematic and EMG exposure in violinists was 
identified. Practitioner Summary: A reliable method of measuring right shoulder 
motion and muscle activity exposure variation in violinists was developed which can be 
used to assess ergonomic risk in other occupations. Recently developed statistical 
methods enabled differentiation between fast and slow musical performance of 
standardised musical repertoire. 

• Keywords: exposure variation analysis, violinist, shoulder, three-dimensional 
kinematics, electromyography, reliability 

Sunwook Kim & Maury A. Nussbaum. An evaluation of classification 
algorithms for manual material handling tasks based on data obtained 
using wearable technologies. pages 1040-1051 



With recent progress in wearable measurement systems, physical exposures can be 
feasibly assessed at high precision in the workplace. Such systems, however, generally 
lack contextual information for a given job (e.g. task type, duration). To extract such 
information, we explored three classification algorithms to classify manual material 
handling (MMH) tasks during a simulated job in a laboratory, using several combinations 
of outputs from commercially available inertial motion capture and in-shoe pressure 
measurement systems. A total of 10 participants completed three replications of four 
cycles of a simulated job. Precision and recall values of ≥ /90% and 80%, respectively, 
and errors in estimated task duration of </14%, could be achieved across the MMH task 
examined. Classification performance, however, varied between classification algorithms, 
input data sets and task types. Overall, combining wearable technology with task 
classification could be an effective approach for field-based exposure assessment, though 
field-testing is needed to demonstrate the applicability of this method. Practitioner 
Summary: Combining wearable technologies with task classification was explored to 
extract exposure context, specifically task type and duration. Results supported that task 
classification can facilitate the use of wearable technologies in field-based exposure 
assessment, specifically by aiding in task identification from within the rather large data 
sets obtained from these technologies. 

• Keywords: manual material handling, physical exposure, task classification, 
wearable systém 

Nadine Kakarot & Friedrich Müller. Assessment of physical strain in 
younger and older subjects using heart rate and scalings of perceived 
exertion. pages 1052-1067. 

Physical strain is usually evaluated physiologically by using the heart rate (HR) or 
psychologically using scaled perceived exertion (PE). In order to explore the relationship 
between these approaches, we compared the series of both measurements taken 
simultaneously during work on a bicycle ergometer. A total of 29 participants aged 
between 27 and 41, 42 and 56, and 57 and 71 years took part in 28 minutes of cycling 
with systematically increased and decreased load as well as in 7 hours of continuous 
cycling with low to medium exertion, interrupted by brief peak loads at high to very high 
exertion levels. Results revealed that, while both measurements are suitable to capture 
physical strain, HR is not as specific as PE. The older participants further perceived 
comparable physical loads as more demanding as the younger participants. With an 
aging workforce, results have potential implications for the organisation of work places. 
Practitioner Summary: The organisation of work processes is a key issue in the 
prevention of strain and hence of interest to ergonomists. Our study suggests that 
workers can, independent of age, perform physical work all day as long as they work at 
subjectively equal, moderate intensities. 

• Keywords: ageing, perception, work organisation, health risks 

Joo-Young Lee, Siyeon Kim, Young-Joon Jang, Yoon-Jeong Baek & 
Joonhee Park. Component contribution of personal protective equipment 
to the alleviation of physiological strain in firefighters during work and 
recovery. pages 1068-1077. 

The purpose of this study was to investigate the components contributions of personal 
protective equipment on physiological strain in firefighters during exercise and recovery. 
Eight firefighters participated in trials in which various combinations of personal 
protective equipment components weighing from 1.3 to 15.1 kg were worn. The results 
showed that rectal temperature, changes in rectal temperature, mean skin temperature, 
heart rate, oxygen consumption and blood lactate concentration were smaller in 
conditions without boots (no-boots) than in other conditions with no helmet, gloves or 



self-contained breathing apparatus (P < 0.05). Increases in rectal temperature per unit 
mass of personal protective equipment were approximately twice as small in no-boots 
condition as the other conditions. These results suggest that the reduction of the boots' 
mass might be more efficient to alleviate heat strain of firefighters wearing personal 
protective equipment, rather than the reduction of the mass of self-contained breathing 
apparatus, helmet or gloves. Practitioner Summary: As firefighters' protective boots 
induce greater physiological burden when compared with a helmet, gloves or self-
contained breathing apparatus, personal protective equipment designers need to consider 
the improvement of boots in terms of mass reduction, improvement of thermal comfort 
and ease of doffing during recovery to alleviate physiological strain on firefighters. 

• Keywords: personal protective equipment, heat strain, protective boots, clothing 
mass, firefighter 

Aude Morel, Gauthier Bedek, Fabien Salaün & Daniel Dupont. A review of 
heat transfer phenomena and the impact of moisture on firefighters' 
clothing and protection. pages 1078-1089. 

Protective clothing with high insulation properties helps to keep the wearer safe from 
flames and other types of hazards. Such protection presents some drawbacks since it 
hinders movement and decreases comfort, in particular due to heat stress. In fact, 
sweating causes the accumulation of moisture which directly influences firefighters' 
performance, decreasing protection due to the increase in radiant heat flux. Vaporisation 
and condensation of hot moisture also induces skin burn. To evaluate the heat protection 
of protective clothing, Henrique's equation is used to predict the time leading to second-
degree burn. The influence of moisture on protection is complex, i.e. at low radiant heat 
flux, an increase in moisture content increases protection, and also changes thermal 
properties. Better understanding of heat and mass transfer in protective clothing is 
required to develop enhanced protection and to prevent burn injuries. Practitioner 
Summary: This paper aims to contribute to a better understanding of heat and mass 
transfer inside firefighters' protective clothing to enhance safety. The focus is on the 
influence of moisture content and the prevention of steam burn. 

• Keywords: firefighter, protective clothing, heat and moisture transfer, thermal 
comfortRelated articles 

Ilja Frissen & Catherine Guastavino. Do whole-body vibrations affect 
spatial hearing? pages 1090-1101. 

To assist the human operator, modern auditory interfaces increasingly rely on sound 
spatialisation to display auditory information and warning signals. However, we often 
operate in environments that apply vibrations to the whole body, e.g. when driving a 
vehicle. Here, we report three experiments investigating the effect of sinusoidal 
vibrations along the vertical axis on spatial hearing. The first was a free-field, narrow-
band noise localisation experiment with 5- Hz vibration at 0.88 ms− 2. The other 
experiments used headphone-based sound lateralisation tasks. Experiment 2 investigated 
the effect of vibration frequency (4 vs. 8 Hz) at two different magnitudes (0.83 vs. 
1.65 ms− 2) on a left–right discrimination one-interval forced-choice task. Experiment 3 
assessed the effect on a two-interval forced-choice location discrimination task with 
respect to the central and two peripheral reference locations. In spite of the broad range 
of methods, none of the experiments show a reliable effect of whole-body vibrations on 
localisation performance. Practitioner Summary: We report three experiments that 
used both free-field localisation and headphone lateralisation tasks to assess their 
sensitivity to whole-body vibrations at low frequencies. None of the experiments show a 
reliable effect of either frequency or magnitude of whole-body vibrations on localisation 
performance. 



• Keywords: whole-body vibration, exposure assessment, sound localisation, 
sound lateralisation 

Jung-Yong Kim, Seung-Nam Min, Murali Subramaniyam & Young-Jin Cho. 
Legibility difference between e-books and paper books by using an eye 
tracker. pages 1102-1108. 

The aim of the study was to evaluate the difference in legibility between e-books and 
paper books by using an eye tracker. Eight male and eight female subjects free of eye 
disease participated in the experiment. The experiment was conducted using a 2 × 3 
within-subject design. The book type (e-book, paper book) and font size (8 pt, 10 pt, 12 
pt) were independent variables, and fixation duration time, saccade length, blink rate 
and subjective discomfort were dependent variables. In the results, all dependent 
variables showed that reading paper books provided a better experience than reading e-
books did. These results indicate that the legibility of e-books needs further 
improvement, considering fixation duration time, saccade movement, eye fatigue, device 
and so on. Practitioner Summary: This study evaluated the legibility difference 
between e-books and paper books from the viewpoint of readability, eye fatigue and 
subjective discomfort by using an eye tracker. The results showed that paper books 
provided a better experience than e-books. This indicates that the readability of e-books 
needs further improvement in relation to paper books. 

• Keywords: legibility, e-book, paper book, eye tracker 


