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Kristin Musolin, Jessica G. Ramsey, James T. Wassell, David L. Hard. 
Prevalence of carpal tunnel syndrome among employees at a poultry 
processing plant.  

Objective: To determine prevalence of carpal tunnel syndrome (CTS) among poultry 
processing employees while taking into account non-occupational factors and assess any 
association between CTS prevalence and exposure groups. Methods:Performed a cross-
sectional survey to assess CTS (n = 318). A CTS case was defined as an employee with 
self-reported CTS symptoms, an abnormal hand symptom diagram, and an abnormal 
nerve conduction study (NCS). Log-binomial regression was used to estimate prevalence 
ratios. Results: Three hundred and one participants had sufficient symptom information 
or NCS data to be classified. 126 (42%) of 301 participants had evidence of CTS. In the 
adjusted analysis, the highest exposure group had CTS prevalence that was significantly 
higher than that for the lower exposure group [PR: 1.61; 95% CI = (1.20, 2.17)]. 
Conclusions: Increasing levels of hand activity and force were associated with increased 
CTS prevalence among participants. Recommendations were provided to reduce exposure 
to these risk factors. 

• Keywords: Ergonomics; Poultry processing; Occupation 

Denis Phelan, Leonard O'Sullivan. Shoulder muscle loading and task 
performance for overhead work on ladders versus Mobile Elevated Work 
Platforms. 

A high incidence of Musculoskeletal Disorders (MSDs) has been reported in the 
construction sector. The use of ladders in the workplace has long been identified as a 
significant risk that can lead to workplace accidents. However, it is unclear if platform 
types have an effect on the physical risk factors for MSDs in overhead work. The aim of 
this study is to perform a pilot study on the effects of hand activity on both shoulder 
muscle loading and task performance while working on ladders versus Mobile Elevated 
Working Platforms (MEWPs). It is hypothesised that work on ladders would result in 
greater muscle loading demands, increased levels of discomfort, and reduced 
performance due to the restrictions on postures that could be adopted. A field study 
(n = 19) of experienced electricians on a construction site found that workers spent 
approximately 28% of their working time on ladders versus 6% on MEWPs. However, the 
durations of individual tasks were higher on MEWPs (153 s) than on ladders (73 s). 
Additionally, maximum levels of perceived discomfort (on a VAS 0–100) were reported 
for the shoulders (27), neck (23), and lower regions of the body (22). A simulated study 



(n = 12) found that task performance and discomfort were not significantly different 
between platform types (ladder vs. MEWP) when completing either of three tasks: 
cabling, assembly and drilling. However, platform and task had significant effects 
(p &lt; 0.05) on median electromyographic (EMG) activity of the anterior deltoid and 
upper trapezius. EMG amplitudes were higher for the deltoid than the upper trapezius. 
For the deltoid, the peak amplitudes were, on average, higher for ladder work over MEWP 
work for the hand intensive cabling (32 vs. 27% Maximal Voluntary Exertion (MVE)) and 
the assembly task (19 vs. 6% MVE). Conversely, for drilling, the peak EMG amplitudes 
were marginally lower for ladder compared to the MEWP (3.9 vs. 5.1% MVE). The 
general implication was that working on the MEWP involved lower shoulder muscle 
loading for cabling and assembly task. A difference due to platform type was not present 
for drilling work. 

• Keywords: Electrical work; Overhead; Shoulder loading 

Thomas J. Albin, Peter Vink. A method superior to adding percentiles 
when only limited anthropometric data such as percentile tables are 
available for design models. 

Designers and ergonomists may occasionally be limited to using tables of percentiles of 
anthropometric data to model users. Design models that add or subtract percentiles 
produce unreliable estimates of the proportion of users accommodated, in part because 
they assume a perfect correlation between variables. Percentile data do not allow the use 
of more reliable modeling methods such as Principle Component Analysis. A better 
method is needed. Results: A new method for modeling with limited data is described. It 
uses measures of central tendency (median or mean) of the range of possible correlation 
values to estimate the combined variance is shown to reduce error compared to 
combining percentiles. Second, use of the Chebyshev inequality allows the designer to 
more reliably estimate the percent accommodation when the distributions of the 
underlying anthropometric data are unknown than does combining percentiles. 
Conclusion: This paper describes a modeling method that is more accurate than 
combining percentiles when only limited data are available. 

• Keywords: Adding percentiles; Anthropometric models; Simultaneous 
accommodation 

Xiaopeng Ning, Jie Zhou, Boyi Dai, Majid Jaridi. The assessment of 
material handling strategies in dealing with sudden loading : the effects 
of load handling position on trunk biomechanics. 

Back injury caused by sudden loading is a significant risk among workers that perform 
manual handling tasks. The present study investigated the effects of load handling 
position on trunk biomechanics (flexion angle, L5/S1 joint moment and compression 
force) during sudden loading. Eleven subjects were exposed to a 6.8 kg sudden loading 
while standing upright, facing forward and holding load at three different vertical heights 
in the sagittal plane or 45° left to the sagittal plane (created by arm rotation). Results 
showed that the increase of load holding height significantly elevated the peak L5/S1 
joint compression force and reduced the magnitude of trunk flexion. Further, 
experiencing sudden loading from an asymmetric direction resulted in significantly 
smaller peak L5/S1 joint compression force, trunk flexion angle and L5/S1 joint moment 
than a symmetric posture. These findings suggest that handling loads in a lower position 
could work as a protective strategy during sudden loading. 

• Keywords: Back injury; Sudden loading; Load handling position 



Jeong Ho Kim, Lovenoor Aulck, Michael C. Bartha, Christy A. Harper, 
Peter W. Johnson. Differences in typing forces, muscle activity, comfort, 
and typing performance among virtual, notebook, and desktop 
keyboards. 

The present study investigated whether there were physical exposure and typing 
productivity differences between a virtual keyboard with no tactile feedback and two 
conventional keyboards where key travel and tactile feedback are provided by 
mechanical switches under the keys. The key size and layout were same across all the 
keyboards. Typing forces; finger and shoulder muscle activity; self-reported comfort; and 
typing productivity were measured from 19 subjects while typing on a virtual (0 mm key 
travel), notebook (1.8 mm key travel), and desktop keyboard (4 mm key travel). When 
typing on the virtual keyboard, subjects typed with less force (p's &lt; 0.0001) and had 
lower finger flexor/extensor muscle activity (p's &lt; 0.05). However, the lower typing 
forces and finger muscle activity came at the expense of a 60% reduction in typing 
productivity (p &lt; 0.0001), decreased self-reported comfort (p's &lt; 0.0001), and a 
trend indicating an increase in shoulder muscle activity (p's &lt; 0.10). Therefore, for 
long typing sessions or when typing productivity is at a premium, conventional keyboards 
with tactile feedback may be more suitable interface. 

• Keywords: Touchscreen; Electromyography; Typing biomechanics 

Colin D. McKinnon, Samantha A. Amy, Jack P. Callaghan, Clark R. 
Dickerson. The effect of police cruiser restraint cage configuration on 
shoulder discomfort, muscular demands, upper limb postures, and task 
performance during simulated police patrol. 

Advances in police-specific technology have led to changes in work layout and physical 
occupational demands of mobile police officers. This study investigated the influence of 
police cruiser compartment configuration on perceived discomfort, muscle activation, 
shoulder kinematics, and typing performance during simulated police patrol. Participants 
completed a one-hour session including simulated driving and 2-min typing trials in a 
standard compartment configuration with a fixed mobile data terminal (MDT) location 
(ST), and in a modified compartment configuration with an MDT in front of the user and a 
rearward translated seat (MOD). The MOD configuration resulted in reductions of 55–
65% in perceived shoulder discomfort, up to 3.4% MVC in shoulder muscle demands, 
and more neutral humeral orientations (shoulder elevation reduced by 13–25°). These 
improvements associated with the MOD configuration may have ergonomic implications 
for future police car designs, particularly as new technology is introduced in the mobile 
environment and advanced solutions are sought. 

• Keywords: Police; Mobile data terminal; Upper extremity 

Eliran Schertzer, Raziel Riemer. Metabolic rate of carrying added mass : 
a function of walking speed, carried mass and mass location. 

The effort of carrying additional mass at different body locations is important in 
ergonomics and in designing wearable robotics. We investigate the metabolic rate of 
carrying a load as a function of its mass, its location on the body and the subject’s 
walking speed. Novel metabolic rate prediction equations for walking while carrying loads 
at the ankle, knees and back were developed based on experiments where subjects 
walked on a treadmill at 4, 5 or 6&#xa0;km/h bearing different amounts of added mass 
(up to 2&#xa0;kg per leg and 22&#xa0;kg for back). Compared to previously reported 
equations, ours are 7–69% more accurate. Results also show that relative cost for 
carrying a mass at a distal versus a proximal location changes with speed and mass. 



Contrary to mass carried on the back, mass attached to the leg cannot be modeled as an 
increase in body mass. 

• Keywords: Metabolic cost; Load carrying; Prediction equations 

Lennart P.J. Teunissen, Li-Chu Wang, Shih-Nung Chou, Chin-hsien 
Huang, Gwo-Tsuen Jou, Hein A.M. Daanen. Evaluation of two cooling 
systems under a firefighter coverall. 

Firemen often suffer from heat strain. This study investigated two chest cooling systems 
for use under a firefighting suit. In nine male subjects, a vest with water soaked cooling 
pads and a vest with water perfused tubes were compared to a control condition. 
Subjects performed 30 min walking and 10 min recovery in hot conditions, while 
physiological and perceptual parameters were measured. No differences were observed 
in heart rate and rectal temperature, but scapular skin temperature and fluid loss were 
lower using the perfused vest. Thermal sensation was cooler for the perfused vest than 
for the other conditions, while the cool pad vest felt initially cooler than control. However, 
comfort and RPE scores were similar. We conclude that the cooling effect of both tested 
systems, mainly providing a (temporally) cooler thermal sensation, was limited and did 
not meet the expectations. 

• Keywords: Cooling; Fire fighting garments; Heat stress 

Yehu Lu, Guowen Song, Jun Li. A novel approach for fit analysis of 
thermal protective clothing using three-dimensional body scanning. 

The garment fit played an important role in protective performance, comfort and 
mobility. The purpose of this study is to quantify the air gap to quantitatively 
characterize a three-dimensional (3-D) garment fit using a 3-D body scanning technique. 
A method for processing of scanned data was developed to investigate the air gap size 
and distribution between the clothing and human body. The mesh model formed from 
nude and clothed body was aligned, superimposed and sectioned using Rapidform 
software. The air gap size and distribution over the body surface were analyzed. The total 
air volume was also calculated. The effects of fabric properties and garment size on air 
gap distribution were explored. The results indicated that average air gap of the fit 
clothing was around 25–30 mm and the overall air gap distribution was similar. The air 
gap was unevenly distributed over the body and it was strongly associated with the body 
parts, fabric properties and garment size. The research will help understand the overall 
clothing fit and its association with protection, thermal and movement comfort, and 
provide guidelines for clothing engineers to improve thermal performance and reduce 
physiological burden. 

• Keywords: Protective clothing; Fit analysis; Three-dimensional body scanning 

Justin De Sousa, Christopher Cheatham, Matthew Wittbrodt. The effects 
of a moisture-wicking fabric shirt on the physiological and perceptual 
responses during acute exercise in the heat. 

This study investigated the effects that a form fitted, moisture-wicking fabric shirt, 
promoted to have improved evaporative and ventilation properties, has on the 
physiological and perceptual responses during exercise in the heat. Ten healthy male 
participants completed two heat stress tests consisting of 45 min of exercise (50% 
VO2peak) in a hot environment (33 °C, 60% RH). One heat stress test was conducted 
with the participant wearing a 100% cotton short sleeved t-shirt and the other heat 
stress test was conducted with the participant wearing a short sleeved synthetic shirt 
(81% polyester and 19% elastane). Rectal temperature was significantly lower 



(P &lt; 0.05) in the synthetic condition during the last 15 min of exercise. Furthermore, 
the synthetic polyester shirt retained less sweat (P &lt; 0.05). As exercise duration 
increases, the ventilation and evaporation properties of the synthetic garment may prove 
beneficial in the preservation of body temperature during exercise in the heat. 

• Keywords: Clothing; Heat; Exercise 

J. Mackrill, P. Jennings, R. Cain. Exploring positive hospital ward 
soundscape interventions. 

Sound is often considered as a negative aspect of an environment that needs mitigating, 
particularly in hospitals. It is worthwhile however, to consider how subjective responses 
to hospital sounds can be made more positive. The authors identified natural sound, 
steady state sound and written sound source information as having the potential to do 
this. Listening evaluations were conducted with 24 participants who rated their emotional 
(Relaxation) and cognitive (Interest and Understanding) response to a variety of hospital 
ward soundscape clips across these three interventions. A repeated measures ANOVA 
revealed that the ‘Relaxation’ response was significantly affected (n2 = 0.05, p = 0.001) 
by the interventions with natural sound producing a 10.1% more positive response. Most 
interestingly, written sound source information produced a 4.7% positive change in 
response. The authors conclude that exploring different ways to improve the sounds of a 
hospital offers subjective benefits that move beyond sound level reduction. This is an 
area for future work to focus upon in an effort to achieve more positively experienced 
hospital soundscapes and environments. 

• Keywords: Soundscape; Healthcare; Environment 

Bazil Basri, Michael J. Griffin. The application of SEAT values for 
predicting how compliant seats with backrests influence vibration 
discomfort. 

The extent to which a seat can provide useful attenuation of vehicle vibration depends on 
three factors: the characteristics of the vehicle motion, the vibration transmissibility of 
the seat, and the sensitivity of the body to vibration. The ‘seat effective amplitude 
transmissibility’ (i.e., SEAT value) reflects how these three factors vary with the 
frequency and the direction of vibration so as to predict the vibration isolation efficiency 
of a seat. The SEAT value is mostly used to select seat cushions or seat suspensions 
based on the transmission of vertical vibration to the principal supporting surface of a 
seat. This study investigated the accuracy of SEAT values in predicting how seats with 
backrests influence the discomfort caused by multiple-input vibration. Twelve male 
subjects participated in a four-part experiment to determine equivalent comfort contours, 
the relative discomfort, the location of discomfort, and seat transmissibility with three 
foam seats and a rigid reference seat at 14 frequencies of vibration in the range 1–20 Hz 
at magnitudes of vibration from 0.2 to 1.6 ms−2 r.m.s. The ‘measured seat dynamic 
discomfort’ (MSDD) was calculated for each foam seat from the ratio of the vibration 
acceleration required to cause similar discomfort with the foam seat and with the rigid 
reference seat. Using the frequency weightings in current standards, the SEAT values of 
each seat were calculated from the ratio of overall ride values with the foam seat to the 
overall ride values with the rigid reference seat, and compared to the corresponding 
MSDD at each frequency. The SEAT values provided good predictions of how the foam 
seats increased vibration discomfort at frequencies around the 4-Hz resonance but 
reduced vibration discomfort at frequencies greater than about 6.3 Hz, with discrepancies 
explained by a known limitation of the frequency weightings. 

• Keywords: Prediction model; Seat design; Backrest inclination 



Ahmet Kolus, Philippe-Antoine Dubé, Daniel Imbeau, Richard Labib, 
Denise Dubeau. Estimating oxygen consumption from heart rate using 
adaptive neuro-fuzzy inference system and analytical approaches. 

In new approaches based on adaptive neuro-fuzzy systems (ANFIS) and analytical 
method, heart rate (HR) measurements were used to estimate oxygen consumption 
(VO2). Thirty-five participants performed Meyer and Flenghi's step-test (eight of which 
performed regeneration release work), during which heart rate and oxygen consumption 
were measured. Two individualized models and a General ANFIS model that does not 
require individual calibration were developed. Results indicated the superior precision 
achieved with individualized ANFIS modelling (RMSE = 1.0 and 2.8 ml/kg min in 
laboratory and field, respectively). The analytical model outperformed the traditional 
linear calibration and Flex-HR methods with field data. The General ANFIS model's 
estimates of VO2 were not significantly different from actual field VO2 measurements 
(RMSE = 3.5 ml/kg min). With its ease of use and low implementation cost, the General 
ANFIS model shows potential to replace any of the traditional individualized methods for 
VO2 estimation from HR data collected in the field. 

• Keywords: Work design; Oxygen consumption; Heart rate monitoring 

Miranda Cornelissen, Roderick McClure, Paul M. Salmon, Neville A. 
Stanton. Validating the Strategies Analysis Diagram : assessing the 
reliability and validity of a formative method. 

The Strategies Analysis Diagram (SAD) is a recently developed method to model the 
range of possible strategies available for activities in complex sociotechnical systems. 
Previous applications of the new method have shown that it can effectively identify a 
comprehensive range of strategies available to humans performing activity within a 
particular system. A recurring criticism of Ergonomics methods is however, that 
substantive evidence regarding their performance is lacking. For a method to be widely 
used by other practitioners such evaluations are necessary. This article presents an 
evaluation of criterion-referenced validity and test-retest reliability of the SAD method 
when used by novice analysts. The findings show that individual analyst performance was 
average. However, pooling the individual analyst outputs into a group model increased 
the reliability and validity of the method. It is concluded that the SAD method's reliability 
and validity can be assured through the use of a structured process in which analysts 
first construct an individual model, followed by either another analyst pooling the 
individual results or a group process pooling individual models into an agreed group 
model. 

• Keywords: Strategies Analysis Diagram; Cognitive Work Analysis; Validation 

Jie Xu, Kim Le, Annika Deitermann, Enid Montague. How different types 
of users develop trust in technology : a qualitative analysis of the 
antecedents of active and passive user trust in a shared technology. 

The aim of this study was to investigate the antecedents of trust in technology for active 
users and passive users working with a shared technology. According to the prominence-
interpretation theory, to assess the trustworthiness of a technology, a person must first 
perceive and evaluate elements of the system that includes the technology. An 
experimental study was conducted with 54 participants who worked in two-person teams 
in a multi-task environment with a shared technology. Trust in technology was measured 
using a trust in technology questionnaire and antecedents of trust were elicited using an 
open-ended question. A list of antecedents of trust in technology was derived using 
qualitative analysis techniques. The following categories emerged from the antecedent: 



technology factors, user factors, and task factors. Similarities and differences between 
active users and passive user responses, in terms of trust in technology were discussed. 

• Keywords: Passive user; Trust in technology; Shared technology; Team 

Koen Levels, Jos J. de Koning, Eric Mol, Carl Foster, Hein A.M. Daanen. 
The effect of pre-warming on performance during simulated firefighting 
exercise. 

This study examined the effect of active pre-warming on speed and quality of 
performance during simulated firefighting exercise. Twelve male firefighters performed 
two trials in counterbalanced order. They were either pre-warmed by 20-min cycling at 
1.5 Watt kg−1 body mass (WARM) or remained thermoneutral (CON) prior to a 
simulated firefighting activity. After the pre-warming, gastrointestinal temperature 
(P &lt; 0.001), skin temperature (P = 0.002), and heart rate (P &lt; 0.001) were higher 
in WARM than in CON. During the firefighting activity, rating of perceived exertion, 
thermal sensation and discomfort were higher for WARM than for CON. Finish time of the 
firefighting activity was similar, but the last task of the activity was completed slower in 
WARM than in CON (P = 0.04). In WARM, self-reported performance quality was lower 
than in CON (P = 0.04). It is concluded that pre-warming reduces the speed during the 
last part of simulated firefighting activity and reduces self-reported quality of 
performance. 

• Keywords: Live-fire drill; Heat stress; Pacing 

Iztok Humar, Mirko Gradisar, Tomaž Turk, Jure Erjavec. The impact of 
color combinations on the legibility of text presented on LCDs. 

The paper investigates the impact of text and background color combinations on the 
legibility of text presented on LCDs. The legibility of 56 elementary color combinations 
was tested by 308 participants. The first task required the participants to identify 21 
uppercase alphabetic characters selected and presented in conformance with a Snellen 
chart in various color combinations. For each color combination, the number of correctly 
identified characters was recorded as a visual performance measure. In the second task, 
participants subjectively rated the legibility of color combinations on a ten-point Likert 
scale. The results show that neither the Le Courier legibility table nor the CRT legibility 
table is appropriate for LCDs. A new legibility table is proposed for LCDs where the 
highest ranked are contrastive color combinations with positive polarity whereas for CRT 
displays, the highest ranked are contrastive color combinations with negative polarity. 
The findings of this study can be used to determine the best possible color combinations 
when developing content displayed on LCDs. 

• Keywords: Color combinations; Liquid crystal display; Legibility 

Huhn Kim, Dong-Han Ham. Development of a frequency-separated knob 
with variable change rates by rotation speed. 

The principle of frequency separation is a design method to display different information 
or feedback in accordance with the frequency of interaction between users and systems. 
This principle can be usefully applied to the design of knobs. Particularly, their rotation 
speed can be a meaningful criterion for applying the principle. Hence a knob can be 
developed, which shows change rates varying depending on its rotation speed. Such a 
knob would be more efficient than conventional knobs with constant change rate. We 
developed a prototype of frequency-separated knobs that has different combinations of 
the number of rotation speed steps and the size of the variation of change rate. With this 
prototype, we conducted an experiment to examine whether a speed frequency-
separated knob enhances users' task performance. The results showed that the newly 



designed knob was effective in enhancing task performance, and that task efficiency was 
the best when its change rate increases exponentially and its rotation speed has three 
steps. We conducted another experiment to investigate how a more rapid exponential 
increase of change rate and a more number of steps of rotation speed influence users' 
task performance. The results showed that merely increasing both the size of the 
variation of change rates and the number of speed steps did not result in better task 
performance. Although two experimental results cannot easily be generalized to other 
contexts, they still offer practical information useful for designing a speed frequency-
separated knob in various consumer electronics and control panels of industrial systems. 

• Keywords: Frequency separation principle; Speed frequency; Control-display 
gain 

Olanrewaju O. Okunribido, Alison Gingell. Delivering meat 
carcasses/cuts to craft-butcher shops : an investigation of work 
characteristics and manual handling hazards. 

This study investigated delivery scenarios of service drivers working in the retail meat 
industry. The methodology included analysis of accident reports, and field investigations 
of deliveries at craft-butcher shop premises, including semi-structured interviews with 
managers and workers. The findings provide greater clarity about the hazards in this job, 
and suggest for peripatetic delivery activities, four main factors on which decisions about 
risk and good practice may be made: composition of the orders; characteristics of the 
delivery vehicle/truck; handling method most often used; and, the road/access 
conditions. 

• Keywords: Shoulder; Anterior handling; Reported injuries; Retail Deliveries 

Pascale Carayon, Yaqiong Li, Michelle M. Kelly, Lori L. DuBenske, Anping 
Xie, Brenna McCabe, Jason Orne, Elizabeth D. Cox. Stimulated recall 
methodology for assessing work system barriers and facilitators in 
family-centered rounds in a pediatric hospital. 

Human factors and ergonomics methods are needed to redesign healthcare processes 
and support patient-centered care, in particular for vulnerable patients such as 
hospitalized children. We implemented and evaluated a stimulated recall methodology for 
collective confrontation in the context of family-centered rounds. Five parents and five 
healthcare team members reviewed video records of their bedside rounds, and were then 
interviewed using the stimulated recall methodology to identify work system barriers and 
facilitators in family-centered rounds. The evaluation of the methodology was based on a 
survey of the participants, and a qualitative analysis of interview data in light of the work 
system model of Smith and Carayon (1989, 2001). Positive survey feedback from the 
participants was received. The stimulated recall methodology identified barriers and 
facilitators in all work system elements. Participatory ergonomics methods such as the 
stimulated recall methodology allow a range of participants, including parents and 
children, to participate in healthcare process improvement. 

• Keywords: Work system; Bedside round in a pediatric hospital; Stimulated recall 
and participatory ergonomics 

George F. Beard, Michael J. Griffin. Discomfort of seated persons 
exposed to low frequency lateral and roll oscillation : effect of seat 
cushion. 

The discomfort caused by lateral oscillation, roll oscillation, and fully roll-compensated 
lateral oscillation has been investigated at frequencies between 0.25 and 1.0 Hz when 



sitting on a rigid seat and when sitting on a compliant cushion, both without a backrest. 
Judgements of vibration discomfort and the transmission of lateral and roll oscillation 
through the seat cushion were obtained with 20 subjects. Relative to the rigid seat, the 
cushion increased lateral acceleration and roll oscillation at the lower frequencies and 
also increased discomfort during lateral oscillation (at frequencies less than 0.63 Hz), roll 
oscillation (at frequencies less than 0.4 Hz), and fully roll-compensated lateral oscillation 
(at frequencies between 0.315 and 0.5 Hz). The root-sums-of-squares of the frequency-
weighted lateral and roll acceleration at the seat surface predicted the greater vibration 
discomfort when sitting on the cushion. The frequency-dependence of the predicted 
discomfort may be improved by adjusting the frequency weighting for roll acceleration at 
frequencies between 0.25 and 1.0 Hz. 

• Keywords: Vibration; Seating; Discomfort 

A. Plamondon, C. Larivière, D. Denis, M. St-Vincent, A. Delisle, the IRSST 
MMH Research Group. Sex differences in lifting strategies during a 
repetitive palletizing task. 

Forty-five manual material handlers (15 females, 15 expert males and 15 novice males) 
performed series of box transfers under conditions similar to those of large distribution 
centers. The objective of the study was to verify whether sex differences in joint motions 
and in back loading variables (L5/S1 moments) exist during multiple box transfers. The 
task consisted in transferring 24 15-kg boxes from one pallet to another (4 layers of 
boxes; 6 boxes/layer: 3 in the front row, 3 in the back) at a self-determined pace and 
then at an imposed pace of 9 lifts/min. Full-body 3D kinematic data were collected as 
well as external foot forces. A dynamic 3D linked segment model was used to estimate 
the net moments at L5/S1. The results show that the peak L5/S1 moment during lifting 
for females was significantly lower than for males, but once normalized to body size the 
difference disappeared. In general, the female workers were very close to the posture 
adopted by the novice males at the instant of the peak resultant moment. However, 
females were closer to the box than the male workers. One major sex difference was 
seen when lifting from the ground, with the use of interjoint coordination analyses. 
Female workers showed a sequential motion initiated by the knees, followed by the hip 
and the back, while expert males showed a more synchronized motion. The lifting 
strategy of females likely stretches lumbar spine passive tissues, which in turn put them 
at greater risk of back injuries. As observed in our previous studies, these differences 
between expert males, novice males and females are especially notable when the box is 
lifted from the ground. 

• Keywords: Manual material handling; Lifting; Sex 

Dianne A.C.M. Commissaris, Reinier Könemann, Suzanne Hiemstra-van 
Mastrigt, Eva-Maria Burford, Juliane Botter, Marjolein Douwes, Rolf P. 
Ellegast. Effects of a standing and three dynamic workstations on 
computer task performance and cognitive function tests. 

Sedentary work entails health risks. Dynamic (or active) workstations, at which computer 
tasks can be combined with physical activity, may reduce the risks of sedentary 
behaviour. The aim of this study was to evaluate short term task performance while 
working on three dynamic workstations: a treadmill, an elliptical trainer, a bicycle 
ergometer and a conventional standing workstation. A standard sitting workstation 
served as control condition. Fifteen Dutch adults performed five standardised but 
common office tasks in an office-like laboratory setting. Both objective and perceived 
work performance were measured. With the exception of high precision mouse tasks, 
short term work performance was not affected by working on a dynamic or a standing 
workstation. The participant's perception of decreased performance might complicate the 



acceptance of dynamic workstations, although most participants indicate that they would 
use a dynamic workstation if available at the workplace. 

• Keywords: Physical activity; Dynamic workstation; Work performance 

Hadas Schwartz-Chassidim, Joachim Meyer, Yisrael Parmet, Efrat 
Rogatka, Ohad Amzaleg. Perceived density of road maps. 

Maps should be designed so that users can comprehend and use the information. Display 
decisions, such as choosing the scale at which an area is shown, depend on properties of 
the displayed information such as the perceived density (PD) of the information. Taking a 
psychophysical approach we suggest that the PD of information in a road map is related 
to the scale and properties of the mapped area. 54 participants rated the PD of 60 maps 
from different regions. We provide a simple model that predicts the PD of electronic road 
map displays, using the logarithm of the number of roads, the logarithm of the number 
of junctions and the length of the shown roads. The PD model was cross-validated using 
a different set of 60 maps (n = 44). The model can be used for automatically adjusting 
display scales and for evaluating map designs, considering the required PD to perform a 
map-related task. 

• Keywords: Digital road map; Perceived density; Map scale 

Marina Zambon Orpinelli Coluci, Neusa Maria Costa Alexandre. 
Psychometric properties evaluation of a new ergonomics-related job 
factors questionnaire developed for nursing workers. 

The objectives of this study were to develop a questionnaire that evaluates the 
perception of nursing workers to job factors that may contribute to musculoskeletal 
symptoms, and to evaluate its psychometric properties. Internationally recommended 
methodology was followed: construction of domains, items and the instrument as a 
whole, content validity, and pre-test. Psychometric properties were evaluated among 370 
nursing workers. Construct validity was analyzed by the factorial analysis, known-groups 
technique, and convergent validity. Reliability was assessed through internal consistency 
and stability. Results indicated satisfactory fit indices during confirmatory factor analysis, 
significant difference (p &lt; 0.01) between the responses of nursing and office workers, 
and moderate correlations between the new questionnaire and Numeric Pain Scale, SF-36 
and WRFQ. Cronbach's alpha was close to 0.90 and ICC values ranged from 0.64 to 0.76. 
Therefore, results indicated that the new questionnaire had good psychometric properties 
for use in studies involving nursing workers. 

• Keywords: Musculoskeletal diseases; Risk factors; Nursing 

Steven Visser, Henk F. van der Molen, P. Paul F.M. Kuijer, Marco J.M. 
Hoozemans, Monique H.W. Frings-Dresen. Evaluation of team lifting on 
work demands, workload and workers' evaluation : an observational 
field study. 

The objective of this study was to assess differences in work demands, energetic 
workload and workers’ discomfort and physical effort in two regularly observable 
workdays in ironwork; one where loads up to 50&#xa0;kg were handled with two 
persons manually (T50) and one where loads up to 100&#xa0;kg were handled manually 
with four persons (T100). Differences between these typical workdays were assessed 
with an observational within-subject field study of 10 ironworkers. No significant 
differences were found for work demands, energetic workload or discomfort between T50 
and T100 workdays. During team lifts, load mass exceeded 25&#xa0;kg per person in 
57% (T50 workday) and 68% (T100 workday) of the lifts. Seven ironworkers rated team 



lifting with two persons as less physically demanding compared with lifting with four 
persons. When loads heavier than 25&#xa0;kg are lifted manually with a team, 
regulations of the maximum mass weight are frequently violated. Statement of 
relevance: Loads heavier than 25&#xa0;kg are frequently lifted during concrete 
reinforcement work and should be lifted by a team of persons. However, the field study 
showed that loads above 25&#xa0;kg are most of the time not lifted with the appropriate 
number of workers. Therefore, loads heavier than 25&#xa0;kg should be lifted 
mechanically. 

• Keywords: Team lifting; Manual material handling; Work demands 

Abigail Werth, Kari Babski-Reeves. Effects of portable computing devices 
on posture, muscle activation levels and efficiency. 

Very little research exists on ergonomic exposures when using portable computing 
devices. This study quantified muscle activity (forearm and neck), posture (wrist, 
forearm and neck), and performance (gross typing speed and error rates) differences 
across three portable computing devices (laptop, netbook, and slate computer) and two 
work settings (desk and computer) during data entry tasks. Twelve participants 
completed test sessions on a single computer using a test–rest–test protocol 
(30&#xa0;min of work at one work setting, 15&#xa0;min of rest, 30&#xa0;min of work 
at the other work setting). The slate computer resulted in significantly more non-neutral 
wrist, elbow and neck postures, particularly when working on the sofa. Performance on 
the slate computer was four times less than that of the other computers, though lower 
muscle activity levels were also found. Potential or injury or illness may be elevated when 
working on smaller, portable computers in non-traditional work settings. 

• Keywords: Portable computing devices; Typing; Performance; Posture 

Baiduri Widanarko, Stephen Legg, Jason Devereux, Mark Stevenson. The 
combined effect of physical, psychosocial/organisational and/or 
environmental risk factors on the presence of work-related 
musculoskeletal symptoms and its consequences. 

This study assessed the combined effect of physical and psychosocial/organisational 
and/or environmental factors on the presence of musculoskeletal symptoms (MSS) and 
its consequences (reduced activities and absenteeism due to MSS) in a random sample of 
3003 workers in New Zealand. By telephone interview, participants reported their current 
workplace exposures and MSS (neck/shoulder, arm/elbow, wrist and low back) and its 
consequences. Data were analysed using multivariable logistic regression. Combined 
exposure to physical and psychosocial/organisational and/or environmental factors 
increased the odds of MSS in the neck/shoulder (OR 3.14, 95% CI 1.79–5.52), 
arms/elbow regions (OR 4.14, 95% CI 2.21–7.76) and low back (OR 1.74, 95% CI 1.28–
2.37) and its consequences, i.e. reduced activities due to neck/shoulder symptoms (OR 
5.45, 95% CI 2.28–13.00), absenteeism due to neck/shoulder symptoms (OR 5.19, 95% 
CI 2.24–12.01) and absenteeism due to low back symptoms (OR 4.37, 95% CI 2.92–
6.53). In contrast, favourable psychosocial/organisational work conditions reduced the 
odds of wrist symptoms due to poor physical work conditions (OR 2.19, 95% CI 1.44–
3.34). We conclude that to reduce MSS and its consequences, employers need to adopt a 
multifaceted approach: concentrate on improving physical conditions as well as the 
psychosocial/organisational and environmental aspects of the working environment. 

• Keywords: Back pain; Interaction; Work stress 

Guy Walker, Mhairi Cooper, Pauline Thompson, Dan Jenkins. Practitioner 
versus analyst methods : a nuclear decommissioning case study. 



A requirement arose during decommissioning work at a UK Magnox Nuclear Power 
Station to identify the hazards involved in removing High Dose Rate Items from a 
Cartridge Cooling Pond. Removing objects from the cooling pond under normal situations 
is a routine event with well understood risks but the situation described in this paper is 
not a routine event. The power station has shifted from an operational phase in its life-
cycle to a decommissioning phase, and as such the risks, and procedures to deal with 
them, have become more novel and uncertain. This raises an important question. Are the 
hazard identification methods that have proven useful in one phase of the system 
lifecycle just as useful in another, and if not, what methods should be used? An 
opportunity arose at this site to put the issue to a direct test. Two methods were used, 
one practitioner focussed and in widespread use during the plant's operational phase (the 
Structured What-If method), the other was an analyst method (Cognitive Work Analysis). 
The former is proven on this site but might not be best suited to the novelty and 
uncertainty brought about by a shift in context from operations to decommissioning. The 
latter is not proven on this site but it is designed for novelty and uncertainty. The paper 
presents the outcomes of applying both methods to a real-world hazard identification 
task. 

• Keywords: Hazard identification; SWIFT; CWA 

Jodi Oakman, Wendy Macdonald, Yvonne Wells. Developing a 
comprehensive approach to risk management of musculoskeletal 
disorders in non-nursing health care sector employees. 

This study of selected jobs in the health care sector explored a range of physical and 
psychosocial factors to identify those that most strongly predicted work-related 
musculoskeletal disorders (WMSD) risk. A self-report survey was used to collect data on 
physical and psychosocial risk factors from employees in three health care organisations 
in Victoria, Australia. Multivariate analyses demonstrated the importance of both 
psychosocial and physical hazards in predicting WMSD risk and provides evidence for risk 
management of WMSDs to incorporate a more comprehensive and integrated approach. 
Use of a risk management toolkit is recommended to address WMSD risk in the 
workplace. 

• Keywords: Work-related musculoskeletal disorders; Risk management; 
Psychosocial hazards 

Wendy Jones, Roger Haslam, Cheryl Haslam. Measuring job quality : a 
study with bus drivers. 

There is growing interest in the contribution which job design can make to worker health; 
also a desire to better understand the multidimensional notion of ‘job quality’ and to 
develop approaches to measuring this. This paper reviews concepts of ‘job quality’ and 
‘good jobs’ and examines these issues in the work of bus drivers, an occupational group 
commonly reported as having poor health and poor working conditions. The DGB-Index 
(Deutscher Gewerkschaftsbund Good Work Index), a tool used recently in Germany for 
measuring job quality, was translated and administered to a sample of UK bus drivers 
(n = 381). It found job quality to be significantly lower than that for a group of non-
drivers in the same organisation; and better than that for a sample of German bus 
drivers. We conclude that the DGB-Index is an effective tool for measuring job quality 
and providing feedback to employers; and could be used to compare job quality between 
organisations or internationally. 

• Keywords: Job quality; Bus drivers; DGB-Index 



Max Kinateder, Mathias Müller, Michael Jost, Andreas Mühlberger, Paul 
Pauli. Social influence in a virtual tunnel fire : influence of conflicting 
information on evacuation behavior. 

Evacuation from a smoke filled tunnel requires quick decision-making and swift action 
from the tunnel occupants. Technical installations such as emergency signage aim to 
guide tunnel occupants to the closest emergency exits. However, conflicting information 
may come from the behavior of other tunnel occupants. We examined if and how 
conflicting social information may affect evacuation in terms of delayed and/or 
inadequate evacuation decisions and behaviors. To this end, forty participants were 
repeatedly situated in a virtual reality smoke filled tunnel with an emergency exit visible 
to one side of the participants. Four social influence conditions were realized. In the 
control condition participants were alone in the tunnel, while in the other three 
experimental conditions a virtual agent (VA) was present. In the no-conflict condition, 
the VA moved to the emergency exit. In the active conflict condition, the VA moved in 
the opposite direction of the emergency exit. In the passive conflict condition, the VA 
stayed passive. Participants were less likely to move to the emergency exit in the conflict 
conditions compared to the no-conflict condition. Pre-movement and movement times in 
the passive conflict condition were significantly delayed compared to all other conditions. 
Participants moved the longest distances in the passive conflict condition. These results 
support the hypothesis that social influence affects evacuation behavior, especially 
passive behavior of others can thwart an evacuation to safety. 

• Keywords: Tunnel evacuation; Social influence; Virtual reality 

Belinda H.W. Eijckelhof, Maaike A. Huysmans, Birgitte M. Blatter, 
Priscilla C. Leider, Peter W. Johnson, Jaap H. van Dieën, Jack T. 
Dennerlein, Allard J. van der Beek. Office workers' computer use 
patterns are associated with workplace stressors.  

This field study examined associations between workplace stressors and office workers' 
computer use patterns. We collected keyboard and mouse activities of 93 office workers 
(68F, 25M) for approximately two work weeks. Linear regression analyses examined the 
associations between self-reported effort, reward, overcommitment, and perceived stress 
and software-recorded computer use duration, number of short and long computer 
breaks, and pace of input device usage. Daily duration of computer use was, on average, 
30 min longer for workers with high compared to low levels of overcommitment and 
perceived stress. The number of short computer breaks (30 s–5 min long) was 
approximately 20% lower for those with high compared to low effort and for those with 
low compared to high reward. These outcomes support the hypothesis that office 
workers' computer use patterns vary across individuals with different levels of workplace 
stressors. 

• Keywords: Computer break; Computer use; Upper extremity 

Dominic Furniss, Paolo Masci, Paul Curzon, Astrid Mayer, Ann Blandford. 
7 Themes for guiding situated ergonomic assessments of medical 
devices : a case study of an inpatient glucometer. 

There is relatively little guidance on the situated ergonomic assessment of medical 
devices, and few case studies that detail this type of evaluation. This paper reports 
results of a detailed case study that focuses on the design and use of a modern blood 
glucose meter on an oncology ward. We spent approximately 150 h in-situ, over 11 days 
and 4 nights, performing observations and interviews with users. This was complemented 
by interviews with two staff with oversight and management responsibility related to the 
device. We identified 19 issues with the design and use of this device. These issues were 



grouped into 7 themes which can help guide the situated study of medical devices: 
usability, knowledge gaps and mental models, workarounds, wider tasks and equipment, 
the patient, connection between services, and policy. 

• Keywords: Medical devices; Human factors; Situated studies 

Hester Anderiesen, Erik J.A. Scherder, Richard H.M. Goossens, Marieke 
H. Sonneveld. A systematic review - physical activity in dementia : the 
influence of the nursing home environment. 

Most older persons with dementia living in nursing homes spend their days without 
engaging in much physical activity. This study therefore looked at the influence that the 
environment has on their level of physical activity, by reviewing empirical studies that 
measured the effects of environmental stimuli on the physical activity of nursing home 
residents suffering from dementia. The electronic databases PubMed, PsycINFO, EMBASE, 
CINAHL and the Cochrane Library were used for the search. The search covered studies 
published between January 1993 and December 2012, and revealed 3187 abstracts. 326 
studies were selected as potentially relevant; of these, 24 met all the inclusion criteria. 
Positive results on the residents' levels of physical activity were found for music, a 
homelike environment and functional modifications. Predominantly positive results were 
also found for the small-scale group living concepts. Mixed results were found for bright 
or timed light, the multisensory environment and differences in the building footprint. 

• Keywords: Environmental ergonomics; Design for dementia; Physical activity 

Jenay M. Beer, Sara E. McBride, Tracy L. Mitzner, Wendy A. Rogers. 
Understanding challenges in the front lines of home health care : a 
human-systems approach. 

A human-systems perspective is a fruitful approach to understanding home health care 
because it emphasizes major individual components of the system – persons, 
equipment/technology, tasks, and environments – as well as the interaction between 
these components. The goal of this research was to apply a human-system perspective 
to consider the capabilities and limitations of the persons, in relation to the demands of 
the tasks and equipment/technology in home health care. Identification of challenges and 
mismatches between the person(s) capabilities and the demands of providing care 
provide guidance for human factors interventions. A qualitative study was conducted with 
8 home health Certified Nursing Assistants and 8 home health Registered Nurses 
interviewed about challenges they encounter in their jobs. A systematic categorization of 
the challenges the care providers reported was conducted and human factors 
recommendations were proposed in response, to improve home health. The challenges 
inform a human-systems model of home health care. 

• Keywords: Healthcare; Human-systems; Human factors 

Rebecca Wolfgang, Robin Burgess-Limerick. Whole-body vibration 
exposure of haul truck drivers at a surface coal mine. 

Haul truck drivers at surface mines are exposed to whole-body vibration for extended 
periods. Thirty-two whole-body vibration measurements were gathered from haul trucks 
under a range of normal operating conditions. Measurements taken from 30 of the 32 
trucks fell within the health guidance caution zone defined by ISO2631-1 for an 8 h daily 
exposure suggesting, according to ISO2631-1, that “caution with respect to potential 
health risks is indicated”. Maintained roadways were associated with substantially lower 
vibration amplitudes. Larger trucks were associated with lower vibration levels than small 
trucks. The descriptive nature of the research, and small sample size, prevents any 



strong conclusion regarding causal links. Further investigation of the variables associated 
with elevated vibration levels is justified. Relevance to industry: The operators of mining 
equipment such as haul trucks are exposed to whole-body vibration amplitudes which 
have potential to lead to long term health effects. Systematic whole-body vibration 
measurements taken at frequent intervals are required to provide an understanding of 
the causes of elevated vibration levels and hence determine appropriate control 
measures. 

• Keywords: Whole-body vibration; Mining; Haul truck; ISO2631-1 

Del Pui-lam Wong, Joanne Wai-yee Chung, Albert Ping-chuen Chan, 
Francis Kwan-wah Wong, Wen Yi. Comparing the physiological and 
perceptual responses of construction workers (bar benders and bar 
fixers) in a hot environment. 

This study aimed to (1) quantify the respective physical workloads of bar bending and 
fixing; and (2) compare the physiological and perceptual responses between bar benders 
and bar fixers. Field studies were conducted during the summer in Hong Kong from July 
2011 to August 2011 over six construction sites. Synchronized physiological, perceptual, 
and environmental parameters were measured from construction rebar workers. The 
average duration of the 39 field measurements was 151.1 ± 22.4 min under hot 
environment (WBGT = 31.4 ± 2.2 °C), during which physiological, perceptual and 
environmental parameters were synchronized. Energy expenditure of overall rebar work, 
bar bending, and bar fixing were 2.57, 2.26 and 2.67 Kcal/min (179, 158 and 186 W), 
respectively. Bar fixing induced significantly higher physiological responses in heart rate 
(113.6 vs. 102.3 beat/min, p &lt; 0.05), oxygen consumption (9.53 vs. 7.14 ml/min/kg, 
p &lt; 0.05), and energy expenditure (2.67 vs. 2.26 Kcal/min, p &lt; 0.05) (186 vs. 
158 W, p &lt; 0.05) as compared to bar bending. Perceptual response was higher in bar 
fixing but such difference was not statistically significant. Findings of this study enable 
the calculation of daily energy expenditure of rebar work. 

• Keywords: Construction work; Oxygen consumption; Heat stress 

Yuan-Han Huang, Anand K. Gramopadhye. Systematic engineering tools 
for describing and improving medication administration processes at 
rural healthcare facilities. 

This study demonstrates a series of systematic methods for mapping medication 
administration processes and for elaborating violations of work standards at two rural 
hospitals. Thirty-four observational periods were conducted to capture the details of 
clinical activities, and hierarchical task analysis (HTA) was used to demonstrate the 
current medication administration process. Facility nurse managers in five units across 
the two facilities participated in focus group discussions to validate the observational data 
and to generate a reliable context-appropriate medication administration process. The 
potential errors or misconduct when passing the drugs were identified, such as unsafe 
storage and transportation of drugs from room to room. Those hazards would cause drug 
contamination, loss, or access by unauthorized individuals. Hospitals without 24-hour 
pharmacy coverage and other interruptions would hinder the medication administration 
process. Preparing drugs for more than one patient at a time would increase the risk of 
passing the drugs to the wrong patient. This study shows the use of observation and 
focus groups to describe and identify violations in the medication administration process. 
A clear road map for continuous clinical process improvement obtained from the current 
study could be used to help future health information technology implementation. 

• Keywords: Electronic health record; Hierarchical task analysis; Medication 
administration process 


