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Robert G. Radwin, David P. Azari, Mary J. Lindstrom, Sheryl S. Ulin, 
Thomas J. Armstrong & David Rempel. A frequency–duty cycle equation 
for the ACGIH hand activity level. Pages 173-183. 

A new equation for predicting the hand activity level (HAL) used in the American 
Conference for Government Industrial Hygienists threshold limit value® (TLV®) was based 
on exertion frequency (F) and percentage duty cycle (D). The TLV® includes a table for 
estimating HAL from F and Doriginating from data in Latko et al. (Latko WA, Armstrong 
TJ, Foulke JA, Herrin GD, Rabourn RA, Ulin SS, Development and evaluation of an 
observational method for assessing repetition in hand tasks. American Industrial Hygiene 
Association Journal, 58(4):278–285, 1997) and post hocadjustments that include 
extrapolations outside of the data range. Multimedia video task analysis determined D for 
two additional jobs from Latko's study not in the original data-set, and a new nonlinear 
regression equation was developed to better fit the data and create a more accurate 
table. The equation, , generally matches the 
TLV® HAL lookup table, and is a substantial improvement over the linear model, 
particularly for F>1.25 Hz and D>60% jobs. The equation more closely fits the data and 
applies the TLV®using a continuous function. Practitioner Summary: The original HAL 
lookup table is limited in resolution, omits values and extrapolates values outside of the 
range of data. A new equation and table were developed to address these issues. 

• Keywords: repetitive motion, work-related musculoskeletal disorders, exposure 
assessment 

Oguz Akkas, David P. Azari, Chia-Hsiung Eric Chen, Yu Hen Hu, Sheryl S. 
Ulin, Thomas J. Armstrong, David Rempel & Robert G. Radwin. A hand 
speed – duty cycle equation for estimating the ACGIH hand activity level 
rating. Pages 184-194. 

An equation was developed for estimating hand activity level (HAL) directly from tracked 
root mean square (RMS) hand speed (S) and duty cycle (D). Table lookup, equation or 
marker-less video tracking can estimate HAL from motion/exertion frequency (F) and D. 
Since automatically estimating F is sometimes complex, HAL may be more readily 



assessed using S. Hands from 33 videos originally used for the HAL rating were tracked 
to estimate S, scaled relative to hand breadth (HB), and single-frame analysis was used 
to measure D. Since HBs were unknown, a Monte Carlo method was employed for 
iteratively estimating the regression coefficients from US Army anthropometry survey 

data. The equation: , R2 = 0.97, 
had a residual range ± 0.5 HAL. The S equation superiorly fits the Latko et al. (1997) 
data and predicted independently observed HAL values (Harris 2011) better 
(MSE = 0.16) than the F equation (MSE = 1.28). Practitioner Summary: An equation 
was developed for estimating the HAL rating for the American Conference of Government 
Industrial Hygienists threshold limit value® based on hand RMS speed and duty cycle. 
Speed is more readily evaluated from videos using semi-automatic marker-less tracking, 
than frequency. The speed equation predicted observed HAL values much better than 
the F equation. 

• Keywords: repetitive motion, work-related musculoskeletal disorders, exposure 
assessment 

R. Könemann, T. Bosch, I. Kingma, J.H. Van Dieën & M.P. De Looze. 
Effect of horizontal pick and place locations on shoulder kinematics. 
Pages 195-207. 

In this study the effects of horizontal bin locations in an order picking workstation on 
upper arm elevation, trunk inclination and hand use were investigated. Eight subjects 
moved (self-paced) light or heavy products (0.2 and 3.0 kg) from a central product bin to 
an inner or outer order bin (at 60 or 150 cm) on the left or right side of the workstation, 
while movements were recorded. The outer compared to inner bin location resulted in 
more upper arm elevation and trunk inclination per work cycle, both in terms of number 
of peak values and in terms of time integrals of angles (which is a dose measure over 
time). Considering the peak values and time integrals per minute (instead of per work 
cycle), these effects are reduced, due to the higher cycle times for outer bins. Hand use 
(left, right or both) was not affected by order bin locations. Practitioner 
Summary: Workers in order picking workstations are exposed to long durations and high 
frequencies of arm movements. Horizontal compared to vertical bin placement minimises 
arm elevations, although the change from a ‘standing’ to a ‘walking’ situation also 
increases the postural load, but to a much lesser extent. 

• Keywords: order picking, workstation design, horizontal distance, movement 
strategy, hand use 

Mohammad Abdoli-Eramaki, Caroline Damecour & Ahmad Ghasempoor. 
Biomechanics of leaning forward against a support with an extreme 
standing reach. Pages 208-219. 

Back discomfort, lower extremity loading and unbalanced positions may inhibit workers 
from standing for industrial stationary work. Two forward-leaning supports were 
compared to unsupported standing during an extreme reach with 30° trunk flexion under 
varied light load conditions in the outstretched hands. A total of 11 males from the 
university participated (mean age 30 years [SD =  5]). Link segment modelling showed a 
25–30% reduction in the L4/L5 bilateral hip external moments when using a chest-height 
support. Ribcage expansion with maximal inspiration remained unchanged with an 
average 85 N of compression force, and low back discomfort remained tolerable for this 
difficult reach. Leaning against a work table had no influence on L4/L5 moments or back 
discomfort because contact was at the pelvis; the external moment at the hips decreased 
by 6%. Postural stability was improved with little migration of the centre of pressure 
under both supports. Only the chest support showed potential to influence work 
positioning and prevent back injuries; further study is needed on support forces and 



usability. Practitioner summary: Forward leaning stabilised an extreme, standing 
reach; the table reduced the single hip moment by only 3%. A chest-leaning support 
reduced the moment at L4/L5 by 25–30% and the hip by 12–15%; moreover, back 
discomfort remained tolerable and chest expansion was unchanged with an average 85 N 
of compression. 

• Keywords: health-care ergonomics, industrial ergonomics, equipment design, 
biomechanics, product design 

Sojeong Lee, Hwayeong Kang & Gwanseob Shin. Head flexion angle 
while using a smartphone. Pages 220-226. 

Repetitive or prolonged head flexion posture while using a smartphone is known as one 
of risk factors for pain symptoms in the neck. To quantitatively assess the amount and 
range of head flexion of smartphone users, head forward flexion angle was measured 
from 18 participants when they were conducing three common smartphone tasks (text 
messaging, web browsing, video watching) while sitting and standing in a laboratory 
setting. It was found that participants maintained head flexion of 33–45° (50th percentile 
angle) from vertical when using the smartphone. The head flexion angle was significantly 
larger (p < 0.05) for text messaging than for the other tasks, and significantly larger 
while sitting than while standing. Study results suggest that text messaging, which is one 
of the most frequently used app categories of smartphone, could be a main contributing 
factor to the occurrence of neck pain of heavy smartphone users. Practitioner 
Summary: In this laboratory study, the severity of head flexion of smartphone users 
was quantitatively evaluated when conducting text messaging, web browsing and video 
watching while sitting and standing. Study results indicate that text messaging while 
sitting caused the largest head flexion than that of other task conditions. 

• Keywords: head flexion, smartphone, neck pain, text neck 

Ahmed T. Farrag, Walaa H. Elsayed, Mohsen M. El-Sayyad & William S. 
Marras. Weight knowledge and weight magnitude: impact on 
lumbosacral loading. Pages 227-234. 

Several factors can impact lumbosacral loads during lifting, including weight knowledge 
and weight magnitude. However, interaction between them has never been tested. This 
study investigated the interaction effect of these variables on lumbosacral forces and 
moments. Participants performed symmetrical lifts using three different weights. Weight 
knowledge involved known and unknown weight conditions. A biologically assisted 
dynamic model was used to calculate spinal loading parameters. Weight impacted all 
variables, while knowledge impacted only compression, by a moderate amount (5%), 
and spinal moments. Lifting a lightweight resulted in a difference of 16% and 7.2% 
between knowledge conditions for compression and anterior-posterior shear forces, 
respectively, compared with a negligible difference of < 1% when lifting a heavy weight. 
Increased spinal loading with light unknown weight can be attributed to increased 
muscular co-contraction. Weight knowledge is important to consider at low weight levels 
as it can increase tissue loading to values equivalent to lifting a heavier weight. 
Practitioner Summary: Impact of weight knowledge and magnitude on lumbosacral 
loading was investigated. The results suggest that subjects changed their lifting manner 
when handling unknown lightweight that increased spine loading to levels equivalent to 
handling heavier weights. This may be important for high frequency lifting tasks common 
in modern distribution centres. 

• Keywords: knowledge of weight, magnitude, low back loads, manual lifting 

Corinne S. Babiolakis, Jennifer L. Kuk & Janessa D.M. Drake. Differences 
in lumbopelvic control and occupational behaviours in female nurses 



with and without a recent history of low back pain due to back injury. 
Pages 235-245. 

ow back pain is highly prevalent in nurses. This study aimed to determine which physical 
fitness, physical activity (PA) and biomechanical characteristics most clearly distinguish 
between nurses with [recently injured (RInj)] and without [not recently injured (NRInj)] 
a recent back injury. Twenty-seven (8 RInj, 19 NRInj) female nurses completed 
questionnaires (pain, work, PA), physical fitness, biomechanical and low back discomfort 
measures, and wore an accelerometer for one work shift. Relative to NRInj nurses, RInj 
nurses exhibited reduced lumbopelvic control (41.4% more displayed a moderate loss of 
frontal plane position), less active occupational behaviours (less moderate PA; less 
patient lifts performed alone; more sitting and less standing time) and more than two 
times higher low back discomfort scores. Despite no physical fitness differences, the 
lumbopelvic control, occupational behaviours and discomfort measures differed between 
nurses with and without recent back injuries. It is unclear whether poor lumbopelvic 
control is causal or adaptive in RInj nurses and may require further investigation. 
Practitioner Summary: It is unclear which personal modifiable factors are most clearly 
associated with low back pain in nurses. Lumbopelvic control was the only performance-
based measure to distinguish between nurses with and without recent back injuries. 
Future research may investigate whether reduced lumbopelvic control is causal or 
adaptive in recently injured nurses. 

• Keywords: low back pain, nurses, lumbopelvic control, occupational behaviours 

Morten Villumsen, Afshin Samani, Marie Birk Jørgensen, Nidhi Gupta, 
Pascal Madeleine & Andreas Holtermann. Are forward bending of the 
trunk and low back pain associated among Danish blue-collar workers? : 
a cross-sectional field study based on objective measures. Pages 246-
258. 

The aim of this cross-sectional study was to investigate the association between the 
duration of objectively measured forward bending of the trunk and low back pain (LBP) 
intensity among 198 Danish blue-collar workers (male = 115; female = 83). The duration 
of forward bending of ≥ 30°, ≥ 60° and ≥ 90° was divided into high (the highest tertile) 
and low–moderate (the remaining tertiles) categories. High (>5) and low ( ≤ 5) pain 
intensities were categorised from a self-reported 0–9 scale. Results of multi-adjusted 
logistic regressions indicated no significant positive associations between forward bending 
and LBP intensity. On the contrary, higher duration of forward bending of ≥ 30° was 
associated with lower LBP intensity during all day (OR = 0.40; 95% CI, 0.15–
1.02; p = 0.05) and work (OR = 0.44; 95% CI, 0.17–1.15; p = 0.09). This indication of 
a negative association may be explained by fear-avoidance behaviour of the blue-collar 
worker, job crafting or healthy worker effect. Practitioner Summary: Ergonomics 
practice often relies on observations and subjective assessments. This study indicates 
that higher duration of forward bending of the trunk may be associated with lower low 
back pain intensity among blue-collar workers. Therefore, practitioners should take care 
in basing recommendations for action on concurrent measures of workload and pain. 

• Keywords: accelerometry, diurnal measurements, inclination, body posture, 
musculoskeletal disorders 

Jie Zhou, Xiaopeng Ning, Ashish D. Nimbarte & Fei Dai. The assessment 
of material-handling strategies in dealing with sudden loading: the effect 
of uneven ground surface on trunk biomechanical responses. Pages 259-
267. 



As a major risk factor of low back injury, sudden loading often occurs when performing 
manual material-handling tasks on uneven ground surfaces. Therefore, the purpose of 
the current study was to investigate the effects of a laterally slanted ground on trunk 
biomechanical responses during sudden loading events. Thirteen male subjects were 
subjected to suddenly released loads of 3.4 and 6.8 kg, while standing on a laterally 
slanted ground of 0°, 15° and 30°. The results showed that 8.3% and 5.6% larger peak 
L5/S1 joint compression forces were generated in the 30° condition compared with the 
0° and 15° conditions, respectively. The increase of L5/S1 joint moment in the 30° 
condition was 8.5% and 5.0% greater than the 0° and 15° conditions, respectively. 
Findings of this study suggest that standing on a laterally slanted ground could increase 
mechanical loading on the spine when experiencing sudden loading. Practitioner 
Summary: Sudden loading is closely related to occupational low back injuries. The 
results of this study showed that the increase of slanted ground angle and magnitude of 
load significantly increase the mechanical loading on the spine during sudden loading. 
Therefore, both of these two components should be controlled in task design. 

• Keywords: low back disorder, sudden loading, laterally slanted ground, trunk 
biomechanics 

Lynn Varcin, Andrew Claus, Wolbert van den Hoorn & Paul Hodges. 
Manual handling : differences in perceived effort, success rate and 
kinematics between three different pushing techniques. Pages 268-277. 

This study examined the perceived effort, success rates and kinematics for three push 
strategies in a simulated lateral patient transfer (horizontal slide). Thirteen healthy 
subjects (four males) completed three repetition pushing loads of 6, 10 and 14 kg in 
random order; with a spontaneous push strategy, then with a straight-back bent-knees 
(squat) strategy and the preparatory pelvic movement (‘rockback’) strategy in random 
order. Perceived effort and kinematic parameters measured at the onset of movement 
and at maximum push excursion were compared between strategies and between loads 
with repeated measures ANOVA. The spontaneous and ‘rockback’ strategies achieved the 
pushing task with less perceived effort across all loads than the squat push (P < 0.001). 
Only 3/13 participants were successful on all attempts at pushing the 14 kg load using a 
squat strategy, which contrasted with 12/13 participants when the spontaneous strategy 
or the ‘rockback’ strategy was used. Forward movement of the pelvis and forward trunk 
inclination may be positively associated with lower perceived effort in the push task. 
Practitioner Summary: In a manual-handling task that simulated a lateral patient 
transfer (horizontal slide), perceived effort and success rates of three push strategies 
were compared. A straight-back bent-knees push (squat) strategy demonstrated greater 
perceived effort and lower success rates than a spontaneous push strategy, or a push 
strategy with preparatory ‘rockback’ pelvic movement. 

• Keywords: push, squat, patient handling, training, perceived effort 

Ming-Lun Lu, Laurel Kincl, Brian Lowe, Paul Succop & Amit Bhattacharya. 
Muscular activity of lower limb muscles associated with working on 
inclined surfaces. Pages 278-290. 

This study investigated the effects of visual cues, muscular fatigue, task performance and 
experience of working on inclined surfaces on activity of postural muscles in the lower 
limbs associated with maintaining balance on three inclined surfaces – 0°, 14° and 26°. 
Normalised electromyographic (NEMG) data were collected in 44 professional roofers 
bilaterally from the rectus femoris, biceps femoris, tibialii anterior and gastrocnemii 
medial muscle groups. The 50th and 95th percentile NEMG amplitudes were used as EMG 
variables. Results showed that inclination angle and task performance caused a 
significant increase in the NEMG amplitudes of all postural muscles. Visual cues were 
significantly associated with a decrease in the 95th percentile EMG amplitude for the right 



gastrocnemius medial and tibialis anterior. Fatigue was related to a significant decrease 
in the NEMG amplitude for the rectus femoris. Experience of working on inclined surfaces 
did not have a significant effect on the NEMG amplitude. Practitioner 
Summary: Increasing angle of the working surface and task performance are two main 
factors contributing to muscular loading in the lower limb muscles. Input of visual cues 
while working on inclined surfaces may provide beneficial effects on reducing muscular 
loading to prevent occupational falls. 

• Keywords: EMG, postural stability, visual cues, fatigue, inclined surfaces 

Hatice Müjde Ayık & Michael J. Griffin. Postural stability when walking 
and exposed to lateral oscillatory motion : benefits from hand supports. 
Pages 291-300. 

While walking on a treadmill, 20 subjects experienced lateral oscillations: frequencies 
from 0.5 to 2 Hz and velocities from 0.05 to 0.16 m s− 1 rms. Postural stability was 
indicated by ratings of ‘discomfort or difficulty in walking’, the movement of the centre of 
pressure beneath the feet and lateral forces applied to a hand support. Hand support 
improved postural stability with all frequencies and all velocities of oscillatory motion: the 
lateral velocity of the centre of pressure reduced by 30–50% when using support 
throughout motion, by 20–30% when instructed to use the support only when required 
and by 15% during normal walking without oscillation. Improvements in stability, and the 
forces applied to the hand support, were independent of support height when used 
continuously throughout motion. When support was used only when required, subjects 
preferred to hold it 118–134 cm above the surface supporting the feet. Practitioner 
Summary: Lateral oscillation is a main cause of postural instability when standing or 
walking in transport. A hand support provides mechanical stabilisation and, if held 
continuously, it provides cues to relative motion that assist the maintenance of postural 
stability. 

• Keywords: postural stability, walking, hand support, lateral oscillation, perturbed 
locomotion 

Byoung-Keon Park, Julie C. Lumeng, Carey N. Lumeng, Sheila M. Ebert & 
Matthew P. Reed. Child body shape measurement using depth cameras 
and a statistical body shape model. Pages 301-309. 

We present a new method for rapidly measuring child body shapes from noisy, 
incomplete data captured from low-cost depth cameras. This method fits the data using a 
statistical body shape model (SBSM) to find a complete avatar in the realistic body shape 
space. The method also predicts a set of standard anthropometric data for a specific 
subject without measuring dimensions directly from the fitted model. Since the SBSM 
was developed using principal component (PC) analysis, we formulate an optimisation 
problem to fit the model in which the degrees of freedom are defined in PC-score space. 
The mean unsigned distance between the fitted-model based on depth-camera data and 
the high-resolution laser scan data was 9.4 mm with a standard deviation (SD) of 5.1 
mm. For the torso, the mean distance was 2.9 mm (SD 1.4 mm). The correlations 
between standard anthropometric dimensions predicted by the SBSM and manually 
measured dimensions exceeded 0.9. Practitioner Summary: Rapid and robust body 
shape measurement is beneficial for tracking child body shapes and anthropometric 
changes. A custom avatar generated by rapidly fitting a statistical body shape model to 
noisy scan data showed the potential for good accuracy in measuring child body shape. 

• Keywords: child body shape measurement, statistical body shape model, depth 
camera, surface fitting, anthropometry 



Gerrit Hirschfeld & Meinald T. Thielsch. Establishing meaningful cut 
points for online user ratings. Pages 310-320. 

Subjective perceptions of websites can be reliably measured with questionnaires. But it is 
unclear how such scores should be interpreted in practice, e.g. is an aesthetics score of 4 
points on a seven-point-scale satisfactory? The current paper introduces a receiver-
operating characteristic (ROC)-based methodology to establish meaningful cut points for 
the VisAWI (visual aesthetics of websites inventory) and its short form the VisAWI-S. In 
two studies we use users' global ratings (UGRs) and website rankings as anchors. A total 
of 972 participants took part in the studies which yielded similar results. First, one-item 
UGRs correlate highly with the VisAWI. Second, cut points on the VisAWI reliably 
differentiate between sites that are perceived as attractive versus unattractive. Third, 
these cut points are variable, but only within a certain range. Together the research 
presented here establishes a score of 4.5 on the VisAWI which is a reasonable goal for 
website designers and highlights the utility of the ROC methodology to derive relevant 
scores for rating scales. Practitioner Summary: We demonstrate the benefit of ROC-
based methods by finding relevant cut points for online user ratings. Specifically, we 
establish that a score of ‘4.5’ as a meaningful cut point for the VisAWI, a scale for 
measuring aesthetic appeal of websites and its short form, the VisAWI-S. 

• Keywords: aesthetics, website evaluation; first impression, global ratings, VisAW 

Michaela Kauer, Benjamin Franz, Alexander Maier & Ralph Bruder. The 
influence of highly automated driving on the self-perception of drivers in 
the context of Conduct-by-Wire. Pages 321-334. 

Today, new driving paradigms are being introduced that aim to reduce the number of 
standalone driver assistance systems by combining these into one overarching system. 
This is done to reduce the demands on drivers but often leads to a higher degree of 
automation. Feasibility and driver behaviour are often the subject of studies, but this is 
contrasted by a lack of research into the influence of highly automated driving on the 
self-perception of drivers. This article begins to close this gap by investigating the 
influences of one highly automated driving concept – Conduct-by-Wire – on the self-
perception of drivers via a combined driving simulator and interview study. The aim of 
this work is to identify changes in the role concept of drivers indicated by highly 
automated driving, to evaluate these changes from the drivers' point of view and to give 
suggestions of possible improvements to the design of highly automated vehicles. 
Practitioner Summary: Using highly automated vehicles may lead to a change in driver 
self-perception that reduces user acceptance. This was tested in a combined driving 
simulator field study. It transpired that the acceptance of highly automated systems is 
highest when the system induces few changes in driver self-perception. 

• Keywords: vehicle ergonomics, product design, user needs analysis, user 
pleasure and emotion, driving 


