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Christina Bodin Danielsson, Holendro Singh Chungkham, Cornelia Wulff 
& Hugo Westerlund. Office design's impact on sick leave rates. pages 
139-147. 

The effect of office type on sickness absence among office employees was studied 
prospectively in 1852 employees working in (1) cell-offices; (2) shared-room offices; (3) 
small, (4) medium-sized and (5) large open-plan offices; (6) flex-offices and (7) combi-
offices. Sick leaves were self-reported two years later as number of (a) short and (b) 
long (medically certified) sick leave spells as well as (c) total number of sick leave days. 
Multivariate logistic regression analysis was used, with adjustment for background 
factors. A significant excess risk for sickness absence was found only in terms of short 
sick leave spells in the three open-plan offices. In the gender separate analysis, this 
remained for women, whereas men had a significantly increased risk in flex-offices. For 
long sick leave spells, a significantly higher risk was found among women in large open-
plan offices and for total number of sick days among men in flex-offices. Practitioner 
Summary: A prospective study of the office environment's effect on employees is 
motivated by the high rates of sick leaves in the workforce. The results indicate 
differences between office types, depending on the number of people sharing workspace 
and the opportunity to exert personal control as influenced by the features that define 
the office types. 

 Keywords: office design/office type, sick leaves, employees, prospective study, 
gender 

Lars Fritzsche, Jürgen Wegge, Martin Schmauder, Matthias Kliegel & 
Klaus-Helmut Schmidt. Good ergonomics and team diversity reduce 
absenteeism and errors in car manufacturing. pages 148-161. 

Prior research suggests that ergonomics work design and mixed teams (in age and 
gender) may compensate declines in certain abilities of ageing employees. This study 
investigates simultaneous effects of both team level factors on absenteeism and 
performance (error rates) over one year in a sample of 56 car assembly teams 
(N = 623). Results show that age was related to prolonged absenteeism and more 
mistakes in work planning, but not to overall performance. In comparison, high-physical 
workload was strongly associated with longer absenteeism and increased error rates. 
Furthermore, controlling for physical workload, age diversity was related to shorter 



absenteeism, and the presence of females in the team was associated with shorter 
absenteeism and better performance. In summary, this study suggests that both 
ergonomics work design and mixed team composition may compensate age-related 
productivity risks in manufacturing by maintaining the work ability of older employees 
and improving job quality. Practitioner Summary: The ageing workforce is considered 
as productivity risk in manufacturing industries. This study shows that high-physical 
workloads and homogeneous team composition are both associated with higher 
absenteeism and error rates. Thus, practitioners are prompted to reduce ergonomics 
risks in production and introduce age- and gender-mixed teams to sustain productivity. 

• Keywords: ergonomics work design, diversity, ageing, health, performance 

Tessy Luger, Tim Bosch, Dirkjan Veeger & Michiel de Looze. The 
influence of task variation on manifestation of fatigue is ambiguous : a 
literature review. pages 162-174. 

Task variation has been proposed to reduce shoulder fatigue resulting from repetitive 
hand–arm tasks. This review analyses the effect of task variation, both ‘temporal (i.e. 
change of work–rest ratio)’ and ‘activity (i.e. job rotation)’ variation, on physiological 
responses, endurance time (ET) and subjective feelings. Pubmed was searched and 
complemented with references from selected articles, resulting in 17 articles. Temporal 
variation had some positive effects on the objective parameters, as blood pressure 
decreased and ET increased, and on the subjective feelings, as perceived discomfort 
decreased. The observed findings of activity variation showed both positive and negative 
effects of increased activity variation, while hardly any effects were found on 
electromyography manifestations of fatigue. In conclusion, the evidence for positive 
effects of increasing the level of variation is scarce. The number of studies on variation is 
limited, while in most studies the findings were not controlled for the amount or intensity 
of work. Practitioner Summary: Some laboratory-controlled studies showed some 
positive effects of increasing temporal variation, providing limited support for introducing 
frequent interruptions in work. Activity variation showed ambiguous effects, meaning 
there is no evidence for practical implication. In practice, however, other positive effects 
of activity variation may occur, for example job enrichment and increased motivation. 

• Keywords: variation, fatigue, shoulder, electromyography 

Annette Kluge & Barbara Frank. Counteracting skill decay : four 
refresher interventions and their effect on skill and knowledge retention 
in a simulated process control task. pages 175-190. 

In process automation, skill decay has not been investigated systematically. In two 
experimental studies, refresher interventions (RIs) were compared to support skill and 
knowledge retention of a start-up procedure on a simulated process control task. Based 
on theories of proceduralisation, the ‘testing-effect' and mental practice, four different 
RIs were designed. In Study 1 (N = 68), two experimental groups (EGs) received either 
an RI called ‘Practice' or an RI called ‘Skill Demonstration'. Both RIs support skill 
retention, but the Skill Demonstration-RI performed with a higher mental workload. In 
Study 2 (N = 68), two EGs received an RI called ‘Symbolic Rehearsal' or an RI called 
‘Procedural Knowledge Test', and aimed at supporting knowledge retention. Both EGs 
supported knowledge retention but showed moderate skill decay. Results imply that RIs 
affect skill and knowledge retention differently and should be applied in accordance with 
the task requirements and their dependence on accurate skill or knowledge maintenance. 
Practitioner Summary: Although widely acknowledged in process automation, skill and 
knowledge decay of operators and its consequences have not been investigated 
intensively. The results of two experiments show that skill and knowledge decay can be 
attenuated and even avoided by refresher interventions which are not costly and easy to 
implement. 



• Keywords: skill decay, refresher intervention, process control, practice, testing-
effect, Symbolic Rehearsal, start-up procedure 

Paul M. Salmon, Michael G. LenneGuy H. Walker, Neville A. Stanton & 
Ashleigh Filtness. Exploring schema-driven differences in situation 
awareness between road users: an on-road study of driver, cyclist and 
motorcyclist situation awareness. pages 191-209. 

Collisions between different road users make a substantial contribution to road trauma. 
Although evidence suggests that different road users interpret the same road situations 
differently, it is not clear how road users' situation awareness differs, nor is it clear which 
differences might lead to conflicts. This article presents the findings from an on-road 
study conducted to examine driver, motorcyclist and cyclist situation awareness in 
different road environments. The findings suggest that, in addition to minor differences in 
the structure of different road users' situation awareness (i.e. amount of information and 
how it is integrated), the actual content of situation awareness in terms of road user 
schemata, the resulting interaction with the world and the information underpinning 
situation awareness is markedly different. Further examination indicates that the 
differences are likely to be compatible along arterial roads, shopping strips and at 
roundabouts, but that they may create conflicts between different road users at 
intersections. Interventions designed to support compatible situation awareness and 
behaviour between different road users are discussed. Practitioner Summary: 
Incompatible situation awareness plays a key role in collisions between different road 
users (e.g. drivers and motorcyclists). This on-road study examined situation awareness 
in drivers, motorcyclists and cyclists, identifying the key differences and potential 
conflicts that arise. The findings are used to propose interventions designed to enhance 
the compatibility of situation awareness between road users. 

• Keywords: situation awareness, schema, on-road studies, road safety, 
intersections 

Cédric Meckler, Jean-Eric Blatteau, Thierry Hasbroucq, Bruno Schmid, 
Jean-Jacques Risso & Franck Vidal. Effects of hyperbaric nitrogen-
induced narcosis on response-selection processes. pages 210-218. 

Certain underwater circumstances carry risk of inert gas narcosis. Impairment of 
sensorimotor information processing due to narcosis, induced by normobaric nitrous 
oxide or high partial nitrogen pressure, has been broadly evidenced, by a lengthening of 
the reaction time (RT). However, the locus of this effect remains a matter of debate. We 
examined whether inert gas narcosis affects the response-selection stage of sensorimotor 
information processing. We compared an air normobaric condition with a hyperbaric 
condition in which 10 subjects were subjected to 6 absolute atmospheres of 8.33% O2 
Nitrox. In both conditions, subjects performed a between-hand choice-RT task in which 
we explicitly manipulated the stimulus–response association rule. The effect of this 
manipulation (which is supposed to affect response-selection processes) was modified by 
inert gas narcosis. It is concluded, therefore, that response selection processes are 
among the loci involved in the effect of inert gas narcosis on information processing. 
Practitioner Summary: Does inert gas narcosis affect the response-selection stage of 
sensorimotor-information processing? Subjects performed a RT task in which response-
selection processes were explicitly manipulated. The well-known ‘compatibility’ effect was 
modified by inert gas narcosis compared with control condition: response-selection 
processes are among the loci involved in the effect of inert gas narcosis on information 
processing. 

• Keywords: inert gas narcosis, reaction time, response selection, nitrogen, 
humans 



Denny Yu, Rebecca M. Minter, Thomas J. Armstrong, Adam C. 
Frischknecht, Cooper Green & Steven J. Kasten. Identification of 
technique variations among microvascular surgeons and cases using 
hierarchical task analysis. pages 219-235. 

A hierarchical taxonomy was developed for identifying differences among microvascular 
surgeons and cases and for investigating the impact of those differences on case 
outcome. Hierarchical task analysis was performed on eight microvascular anastomosis 
cases. The analysis was simplified by redefining subtasks and elements to only describe 
actions and adding attributes to describe the work object, method, tool, material, 
conditions and ergonomics factors. The resulting taxonomy was applied to 64 cases. 
Differences were found among cases for the frequency and duration of subtask, 
elements, attributes and element sequences. Observed variations were used to formulate 
hypotheses about the relationship between different methods and outcomes that can be 
tested in future studies. The taxonomy provides a framework for comparing alternative 
methods, determining the best methods for given conditions and for surgical training and 
retraining. Practitioner Summary: A hierarchical taxonomy, created from a hierarchical 
task analysis and work attributes, was applied to describe technique variations among 
microsurgery cases. Variations in time, frequency and sequence were used to form 
hypotheses on best methods for standardising procedures. 

• Keywords: health-care ergonomics, ergonomics tools and methods, task 
analysis, surgical methods, standardisation 

Caroline Joseph, Tyson A.C. Beach, Jack P. Callaghan & Clark R. 
Dickerson. The influence of precision requirements and cognitive 
challenges on upper extremity joint reaction forces, moments and 
muscle force estimates during prolonged repetitive lifting. pages 236-
246. 

Prolonged repetitive lifting is a whole-body exertion. Despite this, the roles and physical 
exposures of the upper extremities are frequently neglected. The influence of precision 
requirements and cognitive distractions on upper extremity responses when lifting was 
evaluated by quantifying several biomechanical upper extremity quantities. Nine 
participants completed four 30-min lifting tasks with and without simultaneous cognitive 
distractions and/or precision placement constraints. Specific metrics evaluated were joint 
reaction forces and moments (wrist, elbow and shoulder) and modelled shoulder muscle 
forces (38 defined shoulder muscle mechanical elements). The addition of a precision 
requirement increased several metrics by up to 43%, while the addition of the cognitive 
distraction task had minimal influence. Furthermore, several metrics decreased by up to 
14% after the first 10 min of lifting, suggesting a temporal change of lifting strategy. 
Practitioner Summary: Lifting tasks often include precision placements and cognitive 
demands. This study shows that precision placement during prolonged repetitive lifting 
increases upper extremity forces and moments, while the addition of a cognitive task is 
benign. Furthermore, field assessments of repetitive lifting should include observations 
longer than 10 min, as adaptive strategies appear to be adopted. 

• Keywords: mental processing, manual handling, cumulative loading, 
musculoskeletal disorders, occupational health 

Mette Korshøj, Jørgen H. Skotte, Caroline S. Christiansen, Pelle 
Mortensen, Jesper Kristiansen, Christiana Hanisch, Jørgen Ingebrigtsen 
& Andreas Holtermann. Validity of the Acti4 software using ActiGraph 
GT3X+accelerometer for recording of arm and upper body inclination in 
simulated work tasks. pages 247-253 



The validity of inclinometer measurements by ActiGraph GT3X+ (AG) accelerometer, 
when analysed with the Acti4 customised software, was examined by comparison of 
inclinometer measurements with a reference system (TrakStar) in a protocol with 
standardised arm movements and simulated working tasks. The sensors were placed at 
the upper arm (distal to the deltoid insertion) and at the spine (level of T1-T2) on eight 
participants. Root mean square errors (RMSEs) values of inclination between the two 
systems were low for the slow- and medium-speed standardised arm movements and in 
simulated working tasks. Fast arm movements caused the inclination estimated by the 
AG to deviate from the reference measurements (RMSE values up to -10°). Furthermore, 
it was found that AG positioned at the upper arm provided inclination data without bias 
compared to the reference system. These findings indicate that the AG provides valid 
estimates of arm and upper body inclination in working participants. Practitioner 
Summary: Being inexpensive, small, water-resistant and without wires, ActiGraph 
GT3X+ seems to be a valid mean for direct long-term field measurements of arm and 
trunk inclinations when analysed by the Acti4 customised software. 

• Keywords: accelerometry, Actilife, body posture, musculoskeletal disorders, 
physical work exposures 

Nicholas J. La Delfa, Christopher C. Freeman, Cassandra Petruzzi & Jim 
R. Potvin. Equations to predict female manual arm strength based on 
hand location relative to the shoulder. pages 254-261. 

The purpose of this study was to develop regression equations to predict manual arm 
strength for a wide variety of hand locations within the reach envelope. Maximum 
voluntary manual arm strength was determined from 71 female participants in six 
exertion directions (superior, inferior, anterior, posterior, medial and lateral), in a total of 
28 hand locations. Forces ranged from 51.3 to 164.4 N, and had a pooled coefficient of 
variation of 29.9%. Across all 168 combinations of hand locations and exertion 
directions, the multivariate regression equations explained 92.5% of the variance and 
had a root mean square error (RMSE) of only 6.4 N, using only the anterior, lateral and 
vertical location of the hand relative to the active shoulder joint as inputs. These 
equations provide a proof-of-principle for our novel regression approach, and represent a 
first step towards a more comprehensive equation to estimate maximum acceptable 
forces for occupational tasks. Practitioner Summary: The equations presented here 
demonstrate a first step towards a novel and improved method to predict manual arm 
strength. Although a more comprehensive equation is still needed, these equations can 
be confidently used in the field by ergonomists to estimate the maximum acceptable 
forces in the six primary force directions. 

• Keywords: strength, strength prediction, maximum acceptable forces, task 
design 

A. Rohlmann, T. Zander, F. Graichen, H. Schmidt & G. Bergmann. How 
does the way a weight is carried affect spinal loads? pages 262-270. 

People often have to carry a weight which increases the spinal load. Few in vivo 
measured spinal loading data exist for carrying a weight. The aim of this study was to 
measure the force increase on a vertebral body replacement (VBR) caused by carrying 
weights in different ways. A telemeterised VBR allowing the measurement of six load 
components was implanted in five patients suffering from lumbar vertebral body 
fractures. The patients carried different weights laterally in one or both hands, in front of 
the body and in a backpack. The force increase with respect to standing was more than 
twice as high for carrying a weight in front of the body compared with carrying it 
laterally. A weight of 10 kg in a backpack led to an average force increase of only 35 N. 
The position of the carried weight relative to the spine strongly affected the spinal load. 
Practitioner Summary: Carrying weights increases spinal loads. The loads on a 



telemeterised VBR were measured in five patients carrying weights in different ways. 
Holding a weight in front of the body strongly increased the force, while carrying it in a 
backpack led to only a minor load increase. 

• Keywords: spine loads, carrying, telemetry, load measurement, implant 

Braid A. MacRae, Raechel M. Laing, Cheryl A. Wilson & Brian E. Niven. 
Layering garments during rest and exercise in the cold (8°C): wearer 
responses and comparability with selected fabric properties. pages 271-
281. 

How garments contribute to performance of the clothing system during wear is of 
interest, as is understanding the value of using fabric properties to inform end-use 
characteristics. To investigate the influences of layering upper-body garments, four 
fabrics were used to construct two first-layer garments (wool and polyester) and two 
outer-layer garments (wool and membrane laminate). Over six sessions, 10 moderately 
trained males wore each first-layer garment as a single layer and in combination with 
each outer-layer garment while resting, running and walking in cold environmental 
conditions (8 ± 1°C, 81 ± 4% RH). Here, the type of garment arrangement worn (fabric 
type or number of layers) had little influence on heart rate, core body temperature and 
change in body mass. Weighted mean covered skin temperature was warmer and 
weighted mean next-to-skin vapour pressure was typically higher (following the onset of 
exercise) with two layers versus one. Differences among fabrics for individual properties 
were typically overstated compared to differences among corresponding garments for 
physiological and psychophysical variables under the conditions of this study. These 
findings inform the interpretation of particular fabric properties and highlight issues to be 
acknowledged during development/refinement of fabric test methods. Practitioner 
Summary: We examined the way in which selected fibre, fabric and garment (layering) 
characteristics contribute to performance of the clothing system during wear under cold 
conditions. Selected properties of the constituent fabrics were found to provide limited 
insight into how garments perform during wear under the conditions of this study. 

• Keywords: layers, merino wool, polyester, membrane laminate, exercise, outdoor 
clothing, fabric testing 


