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Guido Hertel, Sarah M. Meeßen, Dennis M. Riehle, Meinald T. Thielsch, 
Christoph Nohe & Jörg Becker. Directed forgetting in organisations: the 
positive effects of decision support systems on mental resources and 

well-being. Pages: 597-611. 

Decision makers in organisations are often overtaxed by huge amounts of information in 

daily business processes. As a potential support strategy, this study examined ‘directed 

forgetting’ (Bjork, 1970) in a simulated sales planning scenario. We assumed that the 

availability of a computer-based decision support system (DSS) triggers the forgetting of 

decision-related background information. Such directed forgetting should not only release 

memory capacities for additional tasks but also enhance decision quality and decrease 

strain of decision makers. Assumptions were tested in an experimental study with N = 90 

participants. Consistent with our assumptions, results revealed a higher recall of 

decision-unrelated information, higher decision quality and higher well-being when 

participants could use a DSS as compared to two Control conditions without a DSS. 

Moreover, directed forgetting effects were qualified by participants’ trust in the DSS. This 

study provides the first evidence for directed forgetting effects cued by information 

systems in a business context. Practitioner summary: Information overload is an 

increasing challenge in modern business organisations. Extending findings from basic 

memory research, this study shows that availability of a computer-based decision 

support system triggers forgetting of decision-related background information, which in 

turn increases users’ mental resources for additional tasks, decision quality, and well-

being. 

� Keywords: Directed forgetting, decision making, knowledge management, trust, 

well-being 

Paul M. Salmon & Gemma J. M. Read. Many model thinking in systems 
ergonomics: a case study in road safety. Pages: 612-628. 

In complexity science, the many models thinking philosophy argues for a multi-method 

approach to complex problems. This article investigates whether the use of multiple 

systems ergonomics methods to examine the same problem is useful, or whether using 

different approaches creates incompatible analyses. Five systems ergonomics analyses of 



road trauma are examined and their key insights extracted. The extent to which these 

insights are compatible with one another and can be integrated when attempting to 

reduce road trauma is assessed. The findings indicate that applying several systems 

ergonomics methods to the same problem is useful, as multiple insights are developed 

and deficiencies in one approach are countered by the others. Importantly, the case 

study demonstrates that the insights gained are compatible and support the development 

of holistic systems thinking-based interventions. In conclusion it is recommended that a 

many systems ergonomics model thinking approach be adopted by ergonomists working 

in complex problem spaces. Practitioner Summary: Many model thinking uses multiple 

methods to understand complex problems. We explore whether this is beneficial in 

systems ergonomics. Five models of road trauma, developed using five systems 

ergonomics methods, are examined. The findings demonstrate that a many model 

systems ergonomics approach produces a diverse but complimentary set of insights. 

� Keywords: Complex systems, systems thinking, ergonomics, ergonomics 

methods, systems ergonomics 

Jamie C. Gorman, Mustafa Demir, Nancy J. Cooke & David A. Grimm. 
Evaluating sociotechnical dynamics in a simulated remotely-piloted 
aircraft system: a layered dynamics approach. Pages: 629-643. 

As coordination mechanisms change and technology failures occur, a sociotechnical 

system must reorganise itself across human and technological layers to maintain 

effectiveness. We present a study examining reorganisation across communication, 

controls and vehicle layers of a remotely-piloted aircraft system (RPAS) using a layered 

dynamics approach. Team members (pilot; navigator; photographer) performed 5 

simulated RPAS missions using different operator configurations, including all-human and 

human-autonomy teams. Reorganization (operationally defined using entropy) time 

series measured the changing system reorganisation profiles under different operator 

configurations and following autonomy failures. Correlations between these 

reorganisation profiles and team effectiveness scores describe the manner in which the 

system had to be coordinated to maintain effectiveness under these changing conditions. 

Four unplanned autonomy failures were analysed to visualise system reorganisation 

following a technology failure. With its objective and real-time modelling and 

measurement capabilities, layered dynamics complements existing systems thinking tools 

for understanding sociotechnical complexity and enhancing system effectiveness. 

Practitioner summary: A layered dynamics approach for understanding how a 

sociotechnical system dynamically reorganises itself is presented. The layered dynamics 

of RPAS were analysed under different operator configurations and following autonomy 

failures. Layered dynamics complements existing system-thinking tools for modelling 

sociotechnical system complexity and effectiveness. 

� Keywords: Dynamical systems, human-systems integration, real-time, remotely 

piloted aircraft system, unmanned aerial vehicle 

Katie A. Goggins, Marco Tarabini, W. Brent Lievers & Tammy R. Eger. 
Biomechanical response of the human foot when standing in a natural 

position while exposed to vertical vibration from 10–200 Hz. Pages: 644-
656. 

Exposure to foot-transmitted vibration (FTV) can lead to pain and numbness in the toes 

and feet, increased cold sensitivity, blanching in the toes, and joint pain. Prolonged 

exposure can result in a clinical diagnosis of vibration-induced white foot (VIWFt). Data 

on the biomechanical response of the feet to FTV is limited; therefore, this study seeks to 

identify resonant frequencies for different anatomical locations on the human foot, while 

standing in a natural position. A laser Doppler vibrometer was used to measure vertical 



(z-axis) vibration on 21 participants at 24 anatomical locations on the right foot during 

exposure to a sine sweep from 10–200 Hz with a peak vertical velocity of 30 mm/s. The 

most notable differences in the average peak frequency occur between the toes (range: 
99–147 Hz), midfoot (range: 51–84 Hz) and ankle (range: 16–39 Hz). Practitioner 
Summary: The biomechanical response of the human foot exposed to foot-transmitted 

vibration, when standing in a natural position, was measured for 21 participants. The foot 

does not respond uniformly; the toes, midfoot, and ankle regions need to be considered 

independently in future development of isolation strategies and protective measures. 

� Keywords: Foot-transmitted vibration, standing, resonant frequency 

Jernej Čamernik, Morteza Azad, Luka Peternel, Zrinka Potocanac & Jan 
Babič. Staying on your feet: the effectiveness of posture and handles in 
counteracting balance perturbation. Pages: 657-667. 

Stairways, public transport and inclined walkways are often considered as sites with 

higher likelihood of falls due to a sudden loss of balance. Such sites are usually marked 

with warning signs, equipped with non-slip surfaces and handles or handrails to avert or 

decrease this likelihood. Especially, handles are supposed to provide additional support in 

cases of a sudden loss of balance. However, the mechanisms of using handles for balance 

at different heights are not yet fully disclosed. We simulated full body perturbations by 

applying an anterior force to the waist and investigated effectiveness and mechanisms of 

balance recovery in five different postures: step stance and normal stance with or 

without holding handles at different heights. Results indicate that both step stance and 

holding handles at different vertical positions sufficiently assist balance recovery, 

compared to normal stance. While there was no significant effect of handle in CoM 

displacement, the shoulder height handle required the lowest handle force, indicating a 

difference in using the handle. Practitioner summary: To investigate handle use for 

balance recovery, we perturbed healthy young adults in different standing positions. 

Even though the use of different handles had a similar effect, the lowest forces were 

exerted on the shoulder height handle indicating a preferred handle position for balance 

recovery. 

� Keywords: Slips, trips and falls, biomechanics, hand forces, balance 

Kurt E. Beschorner, Arian Iraqi, Mark S. Redfern, Rakié Cham & Yue Li. 
Predicting slips based on the STM 603 whole-footwear tribometer under 
different coefficient of friction testing conditions. Pages: 668-681. 

Assessing footwear slip-resistance is critical to preventing slip and fall accidents. The STM 

603 (SATRA Technology) is commonly used to assess footwear friction but its ability to 

predict human slips while walking is unclear. This study assessed this apparatus’ ability 

to predict slips across footwear designs and to determine if modifying the test 

parameters alters predictions. The available coefficient of friction (ACOF) was measured 

with the device for nine different footwear designs using 12 testing conditions with 

varying vertical force, speed and shoe angle. The occurrence of slipping and the required 

coefficient of friction was quantified from human gait data including 124 exposures to 

liquid contaminants. ACOF values varied across the test conditions leading to different 

slip prediction models. Generally, a steeper shoe angle (13°) and higher vertical forces 
(400 or 500 N) modestly improved predictions of slipping. This study can potentially 

guide improvements in predictive test conditions for this device. Practitioner 
Summary: Frictional measures by the STM603 (SATRA Technology) were able to predict 

human slips under liquid contaminant conditions. Test parameters did have an influence 

on the measurements. An increased shoe-floor testing angle resulted in better slip 

predictions than test methods specified in the ASTM F2913 standard. 



� Keywords: Coefficient of friction, required coefficient of friction, slip-resistance, 

slips, trips and falls, footwear testing 

Romain Martinez, Jason Bouffard, Benjamin Michaud, André Plamondon, 
Julie N. Côté & Mickaël Begon. Sex differences in upper limb 3D joint 

contributions during a lifting task. Pages: 682-693. 

Sex-related differences in work technique may contribute to increasing the risk of 

musculoskeletal joint disorders among women. In lifting tasks, sex differences have been 

reported for the trunk and lower limb, although women present a higher prevalence of 

shoulder disorders. We investigated sex differences in the upper limb technique during a 

lifting task. Trunk and upper limb kinematics were recorded in 27 women and 27 men 

lifting a box (6 or 12 kg) from hip to eye level. Work technique was quantified through 

the three-dimensional contribution of each joint to overall box height. The glenohumeral 
joint showed a higher contribution in women with a 6 kg box and wrist and elbow joints 

did with a 12 kg box, compared to men at either 6 or 12 kg. Sex differences occurred 

systematically above shoulder level. Our results argue for careful consideration of sex 

during ergonomic intervention, particularly during the overhead task. Practitioner 
Summary: We investigated the sex-related differences in upper limb technique during 

lifting tasks. Results highlight a sex-specific kinematic strategy above the shoulder level 

on the glenohumeral joint and on the wrist and elbow joints. To help reduce women’s 

shoulder disorders in overhead task, ergonomic interventions should account for those 

differences. 

� Keywords: Sex differences, upper limb kinematics, lifting task, joint contribution, 

worktechniques 

Liyun Yang, Ke Lu, Mikael Forsman, Kaj Lindecrantz, Fernando Seoane, 
Örjan Ekblom & Jörgen Eklund. Evaluation of physiological workload 
assessment methods using heart rate and accelerometry for a smart 

wearable system. Pages: 694-705. 

Work metabolism (WM) can be accurately estimated by oxygen consumption (VO2), 

which is commonly assessed by heart rate (HR) in field studies. However, the VO2–HR 

relationship is influenced by individual capacity and activity characteristics. The purpose 

of this study was to evaluate three models for estimating WM compared with indirect 

calorimetry, during simulated work activities. The techniques were: the HR-Flex model; 

HR branched model, combining HR with hip-worn accelerometers (ACC); and HR + arm-

leg ACC model, combining HR with wrist- and thigh-worn ACC. Twelve participants 
performed five simulated work activities and three submaximal tests. The HR + arm-leg 

ACC model had the overall best performance with limits of agreement (LoA) of −3.94 and 
2.00 mL/min/kg, while the HR-Flex model had −5.01 and 5.36 mL/min/kg and the 

branched model, −6.71 and 1.52 mL/min/kg. In conclusion, the HR + arm-leg ACC model 

should, when feasible, be preferred in wearable systems for WM estimation. Practitioner 
Summary: Work with high energy demand can impair employees’ health and life quality. 

Three models were evaluated for estimating work metabolism during simulated tasks. 

The model combining heart rate, wrist- and thigh-worn accelerometers showed the best 

accuracy. This is, when feasible, suggested for wearable systems to assess work 

metabolism. 

� Keywords: Heart rate, work metabolism, motion sensing, wearable sensors, risk 

assessment, estimation models 

Alan H. S. Chan, Errol R. Hoffmann & Jeremy C. H. Ho. Movement time 

and guidance accuracy in teleoperation of robotic vehicles. Pages: 706-
720. 



Two experiments are reported on the steering of a tracked vehicle through straight-line 

courses and corners to determine the relationships between movement time and control 

accuracy with the geometry of the course, such as the vehicle width, the track width and 

the type of corner. For straight line tracking, Drury’s law in which movement time (MT) is 

linear with the tracking task difficulty measure [A/(W − d)] is found to hold, where A is 

the distance traveled, ‘W’ is the track width and ‘d’ is the vehicle width. Performance in 

three types of corners (right angle, cut angle and circular) varied little, with the most 

important factor being the clearance (W − d) available to the operator. Collisions with 

boundary walls were also highly related to this factor. The reported research has strong 

relevance to the training of operators for urban search and rescue robots. Practitioner 
summary: Data for steering a real vehicle in a simulated environment of straight paths 

and different corner geometries showed that Drury’s law holds for straight line tracking 

and the clearance between the widths of vehicle and track is important in steering 

corners. Data show clear need for training of USAR (Urban Search and Rescue) 

operators. 

� Keywords: Robotic vehicles, movement time, corner geometry 


