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1. Introduction
Lack of variation has been suggested to be an important cause of musculoskeletal disorders caused by
occupations involving mainly repetitive tasks (Mathiassen 2006). Jobs with low cycle-to-cycle variability may
be particularly disposed to fatigue, and eventually pain (Mathiassen et al. 2003, Madeleine 2010, Srinivasan
and Mathiassen 2012). Examples of such occupations include short-cycle assembly work, repetitive lifting
tasks (Granata et al. 1999, van Dieen et al. 2001), carpentry work (Hammarskjold et al. 1990) and meat
cutting (Madeleine et al. 2008).
In this context, motor variability is the naturally occuring variability in movements and/or muscle activities
between successive repeats of a task which are intended to be identical in performance. Motor variability has
recently received increased attention from occupational biomechanics researchers because of its association
with important variables in working life, such as pain, fatigue and skill acquisition; recently reviewed by
Srinivasan and Mathiassen (2012). One critical area of research identified by this review is to understand
which factors in work design systematically affect motor variability, among factors such as work pace,
precision, workstation design and concurrent cognitive loads.
This study focuses on the effect of combining physical and cognitive loads on arm movement kinematics
and variability in repetitive precision work. While several studies have shown mental tasks to induce
increased muscle activity when added on top of a physical task (Lundberg et al. 1994, Birch et al. 2000,
Finsen et al. 2001, Leyman et al. 2004, Au and Keir 2007, Wang et al. 2011), other studies, however,
indicate that a superimposed mental task may have no effects on muscle activity during physical work
(Blangsted et al. 2004), or even decrease it (Mehta and Agnew 2011, Mehta et al. 2012). The effects of
combining physical and mental demands have been suggested to depend on the muscle group engaged in
the physical task as well as the required load level (Mehta et al. 2012).
However, the effect of occupationally relevant combinations of physical and cognitive loads on motor
control (specifically on movement kinematics and cycle-to-cycle variability) is still an open question. This
study compares a task with realistic concurrent physical and cognitive loads to a reference task with the
same physical load without the added cognitive component.
2. Methods
A laboratory-based simulation of repetitive precision work was developed using a ‘pipetting’ task paradigm,
in which water was repeatedly transferred from one tube to another, with a cycle time of 2.8s. Thirty-five
healthy female subjects, with prior experience in pipetting, and aged 20-45 years, performed this task. In
each task condition, the subjects repeatedly transferred liquid from a big pickup tube to eight specific target
tubes set in a 10x10 tube-array, 20 times in a randomized order (1 session = 20 repeats x 8 tubes = 160
cycles). A metronome was used to set the pace of the task. In the reference condition (“Phy”, fig 1), the
pipetting sequence was indicated using lights mounted below each tube, to indicate which tube to transfer
liquid to. In the concurrent physical and cognitive task condition (“Phy+Cog”, fig 1), instead of visual clues
identifying the target tubes, the subjects received on a computer screen in front of them a ‘tube number’
comprised of row and column numbers indicating which tube to transfer liquid to. 3D arm-hand movement
kinematics were recorded, and used to compute the average and cycle-to-cycle variabilities of range of
motion, peak velocity, average velocity, time to peak velocity and area under the movement curve of
shoulder elevation and elbow flexion (more details on work-task setup, data recording and computation of
motor variability indices can be found in (Srinivasan et al. 2015)).
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Figure 1. Experimental task setup.

3.

Results

Mean values and cycle-to-cycle variabilities of kinematics properties of shoulder elevation are shown in
figure 2. Figure 2(a) illustrates that the mean values of peak and average velocities across all cycles were
significantly lower, and area under the movement curve was higher in ‘Phy+Cog’ condition when compared
to the reference ‘Phy’ condition. As shown in figure 2(b), none of the cycle-to-cycle variabilities of shoulder
kinematics properties were, however, significantly different between the two pipetting conditions. The same
results were found for mean values and cycle-to-cycle variabilities of elbow flexion kinematics also (figures
not shown).
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Figure 2. Shoulder elevation kinematics in repeated pipetting with (Phy+Cog) and without (Phy) an added
cognitive load. (a) Mean values across cycles; (b) cycle-to-cycle variabilities (standard deviations).

4. Discussion
This study suggests that in temporally constrained tasks such as paced repetitive precision work, performed
by experienced subjects, movements in a task with concurrent physical and cognitive demands are slower
than those in a task with only physical demands (lower velocities and higher area under movement curve in
‘Phy+Cog’ than ‘Phy’). However, movement kinematics were no more variable in the task with concurrent
cognitive demands than the reference physical task. Thus, from this point of view, adding a cognitive
demand to a repetitive task will not have any effects on exposure variation.

Acknowledgements
We would like to acknowledge the contributions of Nisse Larsson and Majken Rahm for their assistance in
the collection of data.
References
Au, A. K. and P. J. Keir (2007). "Interfering effects of multitasking on muscle activity in the upper extremity." Journal of
Electromyography and Kinesiology 17: 578-586.
Birch, L., B. Juul-Kristensen, C. Jensen, L. Finsen and H. Christensen (2000). "Acute response to precision, time
pressure and mental demand during simulated computer work." Scandinavian Journal of Work Environment and
Health 26: 299-305.
Blangsted, A. K., K. Søgaard, H. Christensen and G. Sjøgaard (2004). "The effect of physical and psychosocial loads on
the trapezius muscle activity during computer keying tasks and rest periods." European Journal of Applied Physiology
91: 253-258.
Finsen, L., K. Søgaard and H. Christensen (2001). "Influence of memory demand and contra lateral activity on muscle
activity." Journal of Electromyography and Kinesiology 11: 373-380.
Granata, K. P., W. S. Marras and K. G. Davis (1999). "Variation in spinal load and trunk dynamics during repeated lifting
exertions." Clinical Biomechanics 14(6): 367-375.
Hammarskjold, E., K. Harmsringdahl and J. Ekholm (1990). "Shoulder Arm Muscular-Activity and Reproducibility in
Carpenters Work." Clinical Biomechanics 5(2): 81-87.
Leyman, E. L. C., G. A. Mirka, D. B. Kaber and C. M. Sommerich (2004). "Cervicobrachial muscle response to cognitive
load in a dual-task scenario." Ergonomics 47: 625-645.

	
  

3	
  

Proceedings 19th Triennial Congress of the IEA, Melbourne 9-14 August 2015

Lundberg, U., R. Kadefors, B. Melin, G. Palmerud, P. Hassmén, M. Engström and I. Elfsberg Dohns (1994).
"Psychophysiological stress and EMG activity of the trapezius muscle." International Journal of Behavioral Medicine
1: 354-370.
Madeleine, P. (2010). "On functional motor adaptations: from the quantification of motor strategies to the prevention of
musculoskeletal disorders in the neck-shoulder region." Acta Physiologica (Oxf) 199 Suppl 679: 1-46.
Madeleine, P., M. Voigt and S. E. Mathiassen (2008). "The size of cycle-to-cycle variability in biomechanical exposure
among butchers performing a standardised cutting task." Ergonomics 51(7): 1078-1095.
Mathiassen, S. E. (2006). "Diversity and variation in biomechanical exposure: what is it, and why would we like to know?"
Applied Ergonomics 37(4): 419-427.
Mathiassen, S. E., T. Moller and M. Forsman (2003). "Variability in mechanical exposure within and between individuals
performing a highly constrained industrial work task." Ergonomics 46(8): 800-824.
Mehta, R. and M. J. Agnew (2011). "Effects of concurrent physical and mental demands for a short duration static task."
International Journal of Industrial Ergonomics 41: 647-652.
Mehta, R., M. A. Nussbaum and M. J. Agnew (2012). "Muscle- and task-dependent responses to concurrent physical
and mental workload during intermittent static work." Ergonomics 55: 1166-1179.
Srinivasan, D. and S. E. Mathiassen (2012). "Motor variability in occupational health and performance." Clinical
Biomechanics (Bristol, Avon) 27(10): 979-993.
Srinivasan, D., A. Samani, S. E. Mathiassen and P. Madeleine (2015). "The size and structure of arm movement
variability decreased with work pace in a standardised repetitive precision task." Ergonomics: 58(1):128-139.
van Dieen, J. H., J. J. M. Dekkers, V. Groen, H. M. Toussaint and O. G. Meijer (2001). "Within-subject variability in low
back load in a repetitively performed, mildly constrained lifting task." Spine 26(16): 1799-1804.
Wang, Y., G. P. Szeto and C.-C. Chan (2011). "Effects of physical and mental task demands on cervical and upper limb
muscle activity and physiological responses during computer tasks and recovery periods." European Journal of
Applied Physiology 111: 2791-2803.

	
  

4	
  

