
Book of Abstracts 
 
 

European Workshop On Movement Science 
 

Faculty of Human Movement Sciences 
VU University Amsterdam 

May 31 – June 2, 2007 
www.ewoms.eu 

Organizing Committee 

Peter Beek (Amsterdam, the Netherlands) 
Wolfgang Schöllhorn (Münster, Germany) 

Willem Verwey (Enschede, the Netherlands) 

Scientific Committee 

Peter Beek (Amsterdam, the Netherlands) 
Axel Cleeremans (Bruxelles, Belgium) 

Sten Grillner (Stockholm, Sweden) 
Marc Jeannerod (Bron, France) 

Wolfgang Schöllhorn (Münster, Germany) 
Gregor Schöner (Bochum, Germany) 

Willem Verwey (Enschede, the Netherlands)



 
The conference organization gratefully acknowledges the support of our sponsors. 
See pages 209 − 216. 
 
 
Bibliografic Information of the German Library 
The German Library includes this publication in the German National Bibliography; 
detailed bibliografic data are available at http://dnb.ddb.de 
 
 
European Workshop On Movement Science 
Mechanics – Physiology – Psychology 
Book of Abstracts 
VU University Amsterdam 
Faculty of Human Movement Sciences 
May 31 – June 2, 2007 
Köln: Sportverlag Strauß, 2007 
ISBN  978-3-939390-73-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Sportverlag Strauß 
Olympiaweg 1  -  50933 Köln 
Telephone: +49(0)2 21 8 46 75 76 
Fax: +49(0)2 21 8 46 75 77 
Email: info@sportverlag-strauss.de 
Cover design: Hopf Kommunikation & Service, Berlin 
Print: buch bücher dd ag, birkach 
Printed in Germany 



Program 

 3 

Conference Program 
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(aula) 

Peter Beek, Wolfgang Schöllhorn, 
Willem Verwey 

11.15 − 12:30 
 

Keynote Lecture 1 
Chair: Wolfgang Schöllhorn 
(aula) 

Daniel Wolpert 
Probabilistic models in human 
sensorimotor control 

12:30 − 13:30 
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(behind / around aula) 

Posters & Industrial Presentations 
(behind / around aula) 

13:30 − 14:45 
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(parallel sessions) 

1 (aula), 2 (auditorium), 3 (2A05) 

14:45 − 15:00 Break 
(foyer) 

 

15:00 − 16:15 Free Communications 
(parallel sessions) 
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16:15 − 17:45 Poster Session 1 
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Industrial Presentations 
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17:45 − 19:00 
 

Keynote Lecture 2 
Chair: Willem Verwey 
(aula) 

David Rosenbaum 
The problem of serial order in 
behavior: Lashley’s legacy 

19:00 Boat Trip with Dinner 
 

(busses leave from VU campus 
parking lot) 
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Gait dynamics, fractals and falls: 
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16:15 − 17:45 Poster Session 2 
(behind aula) 
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(around aula) 

17:45 − 19:00 Keynote Lecture 4 
Chair: Willem Verwey 
(aula) 

Scott Grafton 
Motor control is built on scaffolding of 
goal hierarchies: Insights from 
functional imaging and magnetic 
stimulation studies 

20:00  Dinner & Entertainment 
(Zuiderkerk, Amsterdam) 
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Saturday, June 2, 2007 

09.15 − 10:30 Keynote Lecture 5 
Chair: Wolfgang Schöllhorn 
(aula) 

Art Kuo 
The six determinants of gait and the 
inverted pendulum analogy: A 
dynamic walking perspective 

10.30 − 10:45 Break 
(foyer) 

 

10.45 – 12.00 Symposia 
(parallel sessions) 

8 (auditorium), 9 (aula), 10 (2A05) 

12:00 − 13:00 Lunch 
(behind / around aula) 

Industrial Presentations 
(around aula) 
 

13:00 − 14:15 Free Communications 
(parallel sessions) 

7 (aula), 8 (auditorium), 9 (2A05) 

14:15 − 14:30 Break 
(foyer) 

 

14:30 − 15:45 Symposia 
(parallel sessions) 

11 (aula), 12 (auditorium), 13 (2A05) 

15:45 − 16:00 Break 
(foyer) 

 

16:00 − 17:15 Keynote Lecture 6 
Chair: Peter Beek 
(aula) 

Michael Turvey 
Action and perception at the level of 
synergies 

17:15 − 17:30 Concluding Remarks 
(aula) 

Peter Beek, Wolfgang Schöllhorn, 
Willem Verwey 
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Keynote Lectures 
1. Probabilistic models in human sensorimotor control  

Daniel Wolpert 
Computational and Biological Learning Group, Department of Engineering, University 
of Cambridge, UK; Email : wolpert@eng.cam.ac.uk 

Sensory and motor uncertainty form a fundamental constraint on human motor 
control. Bayesian Decision Theory (BDT) has emerged as a unifying framework to 
understand how the central nervous system performs optimal estimation and control 
in the face of such uncertainty. BDT has two components: Bayesian statistics and 
decision theory. Here we review Bayesian statistics and show how it applies to 
estimating the state of the world and our own body. Recent results suggest that when 
learning novel tasks we are able to learn the statistical properties of both the world 
and our own sensory apparatus so as to perform estimation using Bayesian statistics. 
Finally, we review Bayesian decision theory in motor control and how the central 
nervous system processes errors and plans movements. We review results that suggest 
we plan movements based on statistics of our actions that result from signal-
dependent noise on our motor outputs. Taken together these studies provide a 
statistical framework for how the motor system performs in the presence of 
uncertainty. 
Acknowledgments 
This work was supported by the Human Frontiers Science Programme and the 
Wellcome Trust. 

2. The problem of serial order in behavior: Lashley’s legacy 

David A Rosenbaum 1, Rajal G Cohen 1, Steven A Jax 2, Daniel J Weiss 

1, Robrecht van der Wel 1 

1Department of Psychology, Pennsylvania State University, University Park, PA 16802; 
2Moss Rehabilitation Research Institute, Philadelphia, PA 19141; Email: dar12@psu.edu 

In a prescient paper Karl Lashley (1951) rejected reflex chaining accounts of the 
sequencing of behavior and argued instead for a more cognitive account in which 
behavioral sequences are typically controlled with central plans. An important feature 
of such plans, according to Lashley, is that they are hierarchical. Lashley offered 
several sources of evidence for the hierarchical organization for behavioral plans, and 
others afterward provided more evidence for this hypothesis. We briefly review that 
evidence here and then shift from a focus on the structure of plans (Lashley’s point of 
concentration) to the processes by which plans are formed in real time. Two principles 
emerge from the studies we review. One is that plans are not formed from scratch for 
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each successive movement sequence but instead are formed by making whatever 
changes are needed to distinguish the movement sequence be performed next from 
the movement sequence that has just been performed. This plan-modification view is 
supported by two phenomena discovered in our laboratory: the parameter 
remapping effect, and the handpath priming effect. The other principle we review is 
that even single movements appear to be controlled with hierarchically organized 
plans. At the top level are the starting and goal postures. At the lower level are the 
intermediate states comprising the transition from the starting posture to the goal 
posture. The latter principle is supported by another phenomenon discovered in our 
lab, the end-state comfort effect, and by a computational model of motor planning 
which accounts for a large number of motor phenomena. Interestingly, the 
computational model hearkens back to a classical method of generating cartoon 
animations that relies on the production of keyframes first and the production of 
interframes (intermediate frames) second. 
Reference 
Lashley, KS (1951). The problem of serial order in behavior. In LA Jeffress (Ed.), Cerebral 
mechanisms in behavior (pp. 112-131). New York: Wiley.  
 

3. Gait dynamics, fractals and falls: Finding meaning in the stride-to-
stride fluctuations of human walking 

Jeffrey Hausdorff 1,2,3 
1Department of Neurology and 2Department of Physical Therapy, Tel-Aviv Sourasky 
Medical Center, Sackler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel; 
3Division on Aging, Harvard Medical School, Boston, USA; Email: 
jhausdor@bidmc.harvard.edu 

Until recently, quantitative studies of walking have typically focused on properties of 
a typical or average stride, ignoring the stride-to-stride fluctuations and considering 
these fluctuations to be noise. Work over the past two decades has demonstrated, 
however, that the alleged noise actually conveys important information. The 
magnitude of the stride-to-stride fluctuations and their changes over time during a 
walk - gait dynamics - may be useful in understanding the physiology of gait, in 
quantifying age-related and pathologic alterations in the locomotor control system, 
and in augmenting objective measurement of mobility and functional status. Indeed, 
alterations in gait dynamics may help to determine disease severity, medication utility, 
and fall risk, and to objectively document improvements in response to therapeutic 
interventions, above and beyond what can be gleaned from measures based on the 
average, typical stride. This review discusses support for the idea that gait dynamics 
has meaning and may be useful in providing insight into the neural control of 
locomtion and for enhancing functional assessment of aging, chronic disease, and 
their impact on mobility.  
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4. Motor control is built on scaffolding of goal hierarchies: Insights 
from functional imaging and magnetic stimulation studies 

Scott Grafton 
Department of Psychological and Brain Sciences, Center for Cognitive Neuroscience, 
Dartmouth College, Hanover, New Hampshire, USA; Email: grafton@psych.ucsb.edu 

Complex human behavior is organized around temporally distal outcomes. 
Behavioral studies based on tasks such as normal prehension, multi-step object use 
and imitation establish the existence of relative hierarchies of motor control. The 
deficit of motor planning and execution in apraxia also supports the notion of a 
hierarchical model for representing action in the brain. In this review, three functional 
brain imaging studies of action observation using the method of repetition suppression 
are used to identify a putative neural architecture that supports action understanding 
at the level of kinematics, object centered goals and ultimately, motor outcomes. 
These results, based on observation, may match a similar functional anatomic 
hierarchy for action planning and execution. If this is true, then the findings argue in 
support of a distributed set of interconnected brain areas that are differentially 
recruited for different aspects of goal oriented behavior, rather than a unitary mirror 
neuron system for organizing and understanding all behavior.  

5. The six determinants of gait and the inverted pendulum analogy: A 
dynamic walking perspective 

Art Kuo 
Dept. of Mechanical Engineering and Dept. of Biomedical Engineering, University of 
Michigan, Ann Arbor, Michigan USA, Email: artkuo@umich.edu 

We examine two prevailing, yet surprisingly contradictory, theories of human walking. 
The six determinants of gait are kinematic features of gait proposed to minimize the 
energetic cost of locomotion by reducing the vertical displacement of the body 
center of mass (COM). The inverted pendulum analogy proposes that it is beneficial 
for the stance leg to behave like a pendulum, prescribing a more circular arc, rather 
than a horizontal path, for the COM. Recent literature presents evidence against the 
six determinants theory, and a simple mathematical analysis shows that a flattened 
COM trajectory in fact increases muscle work and force requirements. A similar 
analysis shows that the inverted pendulum fares better, but paradoxically predicts no 
work or force requirements. The paradox may be resolved through the dynamic 
walking approach, which refers to periodic gaits produced almost entirely by the 
dynamics of the limbs alone. Demonstrations include passive dynamic walking 
machines that descend a gentle slope, and active dynamic walking robots that walk 
on level ground. Dynamic walking takes advantage of the inverted pendulum 
mechanism, but requires mechanical work to transition from one pendular stance leg 
to the next. We show how the step-to-step transition is an unavoidable energetic 
consequence of the inverted pendulum gait, and gives rise to predictions that are 
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experimentally testable on humans and machines. The dynamic walking approach 
provides a new perspective, focusing on mechanical work rather than the kinematics 
or forces of gait. It is helpful for explaining human gait features in a constructive rather 
than intepretive manner. 

6. Action and perception at the level of synergies 

Michael Turvey 
Center for the Ecological Study of Perception and Action, University of Connecticut, 
Storrs, CT, USA; Email: turvey@uconnvm.uconn.edu 

Meeting the challenge of assembling coherent organizations of very many muscles 
characterizes a functional level of biological movement systems referred to as the 
level of muscular-articular links or synergies. The present article examines the issues 
confronting the forming, regulating, and ordering of synergies and the hypothesized 
principles, both classical and contemporary, which resolve them. A primary goal of 
the article is to highlight the abstractness of the concepts and tools required to 
understand the level's action-perception competence. Coverage is given to 
symmetry groups, task space, order parameters, metastability, biotensegrity, 
allometric scaling, and impredicative definitions. 
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Symposia 

1. Movement Sequences 1: Insights from 
various tasks 
Convenor: Willem Verwey 
University of Twente, the Netherlands; Email: w.b.verwey@utwente.nl 

Sequential behavior is the organization of movements into a temporal structure that is 
relevant for the survival of the organism. The resulting behavioral sequences can be of 
a fixed and stereotyped nature, acquired through repetition, or they may also arise 
via more on-line mechanisms of composition, based on the assembly of existing 
sequence elements or subsequences. This mini-symposium will consider research for 
investigating sequential behavior, taking into account various research paradigms 
other than the serial RT task. This mini-symposium complements the twin mini-
symposium Movement Sequences 2: Insights from the serial reaction time task. 

Effect of hand used and hand position on the discrete sequence 
production (DSP) task. 

Elian de Kleine, Willem Verwey 
University of Twente, PO box 217, 7500 AE Enschede, the Netherlands, Telephone: 
0031-53-489 3304, Email: e.dekleine@utwente.nl  

Previous studies on sequence learning indicate that keying sequences are initially 
learned in effector independent spatial coordinates and after extended practice in 
effector dependent motor coordinates. The present research examined this issue in 
more detail by manipulating the hand used and its position while it was used for 
executing the discrete sequence production (DSP) task. Participants practiced 
sequences with their left hand either on the left or right side of their body. In the test 
phase participants performed the practiced sequences with either hand and in either 
position. In the first experiment each element within a sequence was indicated by a 
key specific cue. Results showed that when the sequences were executed with the 
practiced hand there was an advantage for the practiced hand position, whereas 
there was no difference between the practiced and unpracticed position when the 
sequences were executed with the unpracticed hand. A questionnaire suggested 
that the sequences had been learned implicitly. In the second experiment we had 
participants learn the numbers representing keys at home before the start of the 
experiment and they reacted to one sequence-specific-cue with the execution of an 
entire sequence. This resulted in a different initial way of sequences learning and in 
more explicitly learned sequences. Still, the effects of changing hand and hand 
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position were largely comparable to those in Experiment 1. In conclusion, these 
experiments support the notion that at advanced skill levels sequence execution is 
based on several codes simultaneously, one of them being a representation that is 
both effector and position specific. 
References 
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Sequential effects on awareness of simple motor acts 

Axel Cleeremans, Jean-Christophe Sarrazin, Patrick Haggard 
Cognitive Science Research Unit, Université Libre de Bruxelles CP 122, Av. F-D 
Roosevelt, 50, 1050 Bruxelles, BELGIUM and Institute of Cognitive Neuroscience & Dept. 
Psychology, University College London, Alexandra House, 17 Queen Square, London 
WC1N 3AR, Telephone: +32 2 650 3296, Fax: +32 2 650 2209, Email: axcleer@ulb.ac.be  

Time plays a central role in consciousness, at different levels of information processing. 
Here, we focus on awareness of simple motor acts, such as pointing movements. 
Subjects reached for a target, which could be shifted laterally on some trials. 
Following Perruchet's conditioning paradigm, the stimulus material was organized in 
such a manner that there could be long series of shifted trials following each other, 
and long series of trials where no shift occurred. On each trial, participants (1) 
expressed their expectancy of a shift, (2) pointed at the target, adjusting their 
movement towards the shift if required and (3) reproduced the movement just made 
(a measure of motor awareness). We analysed the spatial disparity between the initial 
and the reproduced movements on those trials with a target shift. Negative values 
(undershoots), suggest ‘motor pessimism’ in that motor awareness only reflects a 
sluggish, reconstructed awareness of the actual movement, while positive values 
(overshoots) suggest ³motor optimism² in that the reproduced movement is influenced 
more by participants¹ intention to point to the shifted target than by their actual 
movement. Expectancy strongly influenced experience of action. Further, delays 
inserted between expectancy, action and reproduction had no effect on visuomotor 
adjustment but influenced action awareness by boosting undershoots, suggesting 
increased reliance on a time-limited memory for action. Awareness of action is thus 
influenced by prior thoughts and expectations, but only over a short time period ‹ it is 
a dynamic and flexible mixture of what we intend to do and of what our motor system 
actually does. 
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Activity in prefrontal cortex during dynamic selection of action 
sequences 

Bruno Averbeck 
UCL Institute of Neurology, Sobell Department, Box 28, Queen Square, LONDON WC1N 
3BG, Telephone: +44 (0)20 7676 2159, Fax: +44 (0)20 7813 3107, Email: 
b.averbeck@ion.ucl.ac.uk 

Completing everyday tasks often requires the execution of sequences of actions 
matched to a particular problem. To study the neural processes underlying these 
behaviors, we trained monkeys to produce a series of eye movements according to a 
sequence that changed unpredictably from one block of trials to the next. When the 
sequence changed, the animals had to work out by trial and error which sequence 
was correct in the new block. We applied a Bayesian decoding algorithm to estimate 
which sequence was being represented by neural ensemble activity in prefrontal 
cortex. This approach allowed us to select one sequence as most likely, and it 
additionally provided us with an estimate of how strong this prediction was. We found 
that the strength of the prediction of the sequence from the previous block gradually 
decayed, whereas the strength of the prediction of the sequence from the current 
block gradually became stronger. These changes followed closely the fraction of 
executed movements that were consistent with the corresponding sequence. Thus, 
the neural activity dynamically tracked the animals’ uncertainty about the correct 
sequence of actions. These results are consistent with prefrontal involvement in 
representing subjective knowledge or belief of the correct action sequence. 

Motor programming for speech sequences 

Wright DL 1, Rhee JH 1, Vaculin A 1, Robin DA 2 
1Human Performance Laboratory, Texas A&M University, 2Research Imaging Center, 
University of Texas Health Science Center, Telephone: +1 (979) 845-5213, Email: d-
wright@hlkn.tamu.edu 

Klapp (1995, 1996) proposed that motor programming (MP) involved two 
independent processes that (a) deals with the initial organization of a programmed 
unit contained in a sequence (termed INT) and (b) supervises the serial order demand 
that is apparent when preparing sequential responses (termed SEQ). Experimental 
work using limb responses revealed that INT is impacted by the duration of the 
programmed unit within a sequence, while SEQ is related to the number of items 
contained in the sequence. Data from three experiments involving speech production 
that used a modified RT paradigm will be discussed. Three specific issues will be 
addressed. First, we considered whether the duration of individual syllables impacts 
INT as is the case for programmed limb responses. A second issue focused on an 
evaluation of the contribution of syllable complexity to the INT and SEQ MP processes. 
Syllable and sequence complexity was manipulated based on distinctions made in 
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recent work on speech MP (Spencer & Rogers, 2005; Bohland & Guenther, 2006). 
Finally, we assessed the contribution of syllable transitions encountered during a 
speech sequence to the planning delays associated with the INT and SEQ processes. 
For each experiment 10 to 12 healthy individuals articulated either monosyllabic or 
multi-syllabic sequences in accordance with an auditory template presented prior to 
a trial. Study time (time spent viewing a visual precue), reaction time (response to 
imperative ‘Go’ signal), and total duration for each syllable were recorded for 
analysis. We anticipate, first, that syllable duration will increase the latency associated 
with INT in a manner consistent with limb responses and consistent with Klapp’s model 
of MP The relevance of these data will be discussed with respect to a common MP 
process across effectors and INT disruptions being central to particular speech 
disorders such as apraxia of speech. Second, we assume that increasing sequence 
difficulty, through changes in syllable complexity, will manifest in greater latency for 
the INT process. Finally, we propose that an increase in the number of syllable 
transitions in a sequence should place greatest demand in the serial ordering process 
that must occur prior to articulation which should be associated with an increased 
latency for SEQ as opposed to INT Such a finding is not currently accommodated by 
Klapp’s delineation of motor programming. 
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Learning by observation: an EEG study 

Jurjen van der Helden 1, Hein T van Schie 2, Christiaan Rombouts 1 
1Departement of Cognitive Psychology and Ergonomics; University of Twente, 
2Nijmegen Institute for Cognition and Information; Radboud University, Telephone: 
+31-(0) 53 489 3874, Fax: +31-(0) 53 489 4580, Email: j.vanderhelden@utwente.nl 

Many skills are learned by imitation of a teacher, a model, a sportsman, etc. Mu-
activation (15-25 Hz) in the EEG and MEG is thought to reflect motor cortex activation 
and has repeatedly been shown to be increased in active reaching or grabbing 
action observation (Järveläinen, Schürmann, & Hari, 2004), or finger movement 
observation (Cochin, Barthelemy, Roux, & Martineau, 1999) and is especially sensitive 
for goal directed action observation (Järveläinen, Schürmann, & Hari, 2004). The 
central question addressed in this study concerns how this mu-activation develops 
with sequence learning by observation. 
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Subjects were presented with pictures of a response panel on a screen, with 5 buttons. 
One central button signaled the start of sequence, the 4 other were configured in a 
2x2 configuration. The lower 2 of the buttons (left and right) were the start positions of 
each movement and the 2 upper buttons were the goal movement buttons (resulting 
in 4 possible movements). In the ‘biological’ condition (BC) subjects observed 
sequences of actions performed by hands. Each movement was made by one hand 
moving from the starting position to one of the goal buttons and back to the start 
position. Each sequence was made up of 6 consecutive movements. The observation 
phase (OP) consisted of 5 repetitions of this sequence after which the subject had to 
perform the same movement sequence once on a similar response panel as 
presented on the screen during observation. After that, another sequence was 
presented. In a ‘symbolical’ condition (SC), the movements were signaled by the 
dimming of one of the start buttons and brightening of one of the goal buttons. 
Contrasting the mu activity in the OP, we are able to correlate the mu activity 
dynamics to learning by observation and, more importantly, how these dynamics are 
related to learning through observation of biological rather than symbolical 
movements. We will discus how the motor system is activated during learning by 
observation and how this differs when learning occurs through biological and non-
biological movement observation, and its implications for movement learning models.  
References 
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2. Neural Synchronization 
Convenors: Dick Stegeman 1, 2, Andreas Daffertshofer 2 

1UMC St. Radboud Nijmegen, 2VU University Amsterdam, the Netherlands; Email: 
marlow@fbw.vu.nl 

There is ample evidence that oscillatory coupling is an important mechanism of 
communication between distant neuronal groups in the nervous system. This coupling 
is often expressed in a significant and dynamically changing orchestration of 
neurophysiological signals of different neuronal structures (e.g., Stam, 2005). Indeed, 
oscillatory coupling is not limited to the central nervous system. Various studies that 
attempted to unravel neural features of human motor control reported synchronous 
activity between cortical motor areas and the spinal cord. The speakers in this 
symposium provided important contributions to prove the functional relevance of this 
coupling in motor-related settings. Boonstra, Daffertshofer, and Beek (2006) studied 
acoustically paced, rhythmic motor performance, which was accompanied by a 
decrease of event-related amplitude during tap onsets as well as by a subsequent 
increase of phase locking in the beta band. These findings indicated induced 
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responses, whereas acoustic stimuli showed a simultaneous increase of amplitude and 
phase locking in the theta and alpha band marking evoked responses. Schoffelen, 
Oostenveld, and Fries (2005) found that modulations of a subject’s readiness-to-
respond in a simple reaction task were closely correlated with the strength of gamma-
band coherence between motor cortex and spinal cord neurons. Finally, by using 
synthetic aperture magnetometry, a beamforming technique for source localization, 
Houweling, Daffertshofer, and Beek (in press) could determine changes in bilateral 
synchronization patterns after learning polyrhythmic bimanual performance. There, 
effects of synchronization, expressed in terms of changes in (time-resolved) phase 
synchrony, were clearly related to the quality of motor performance. 
This symposium will center on the major issue discussed in three PhD projects (Boonstra, 
Schoffelen, Houweling). 
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Assessment of normal and disturbed functional connectivity with EEG 
and MEG 

CJ Stam 
Department of Clinical Neurophysiology and MEG Center, VU University medical 
center, Amsterdam, the Netherlands, Email: CJStam@vumc.nl, web: 
www.Vumc.nl/MEG 

One of the central problems in neuroscience is the question how the many local 
specialized areas of the brain communicate with each other. It is currently generally 
accepted that large scale integration of brain function must underlie phenomena 
such as consciousness, attention, and various cognitive functions. These processes are 
typically studies by recording time series of brain activity (EEG, MEG, fMRI BOLD) from 
various brain areas, and by determining the strength of correlation between these 
regional time series. This has given rise to such concepts as ‘functional connectivity’ 
and ‘effective connectivity’. With the recent progress in nonlinear dynamics, and the 
availability of a whole range of new techniques to study nonlinear interdependencies 
between physiological signals the scope of ‘functional connectivity’ studies in 
neurophysiology has broadened considerably, but a proper application of these 
techniques still raised numerous questions; for an excellent review see [1]. In this 
presentation we will give a brief overview of the various linear and nonlinear 
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techniques that are available. Then we will discuss one technique, the synchronization 
likelihood, in detail [2]. The use of SL will be illustrated by several examples from 
healthy subjects, patients with brain tumors, Alzheimer’s and Parkinson’s disease [3,4]. 
Finally we will address the problem of volume conduction and the influence of active 
reference electrodes on the assessment of functional connectivity. We will illustrate 
this phenomenon by comparing phase synchronization, the recently proposed 
imaginary component of coherence, and a new measure derived from phase 
synchronization, the phase lag index, in model, EEG and MEG data. 
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Amplitude and phase dynamics of brain and muscle activation in 
rhythmic movements 

Tjeerd Boonstra 
Faculty of Human Movement Sciences, VU University Amsterdam, Van der 
Boechorststraat 9, 1081 BT Amsterdam, the Netherlands, Email: t.boonstra@fbw.vu.nl 

There is a long-standing tradition to describe rhythmic movements in terms of 
oscillators [1]. On this account, coordinated movements can be achieved through 
the coupling of these oscillators [2]. Although the coupling is generally thought to be 
neural in origin, still little is known about the specific coupling mechanisms yielding 
coordinated movements. 
To gain insight into candidate underpinnings, the neural dynamics during movement 
can be measured with various techniques, such as electromyography and 
encephalography. Neural activity is often oscillatory, certainly in the case of rhythmic 
performance, and the coupling of neural processes can thus be properly captured by 
means of synchronization.  
Here we focus on the amplitude and phase dynamics of neural components during 
acoustically paced, rhythmic motor performance in different task settings. In general, 
rhythmic motor performance was accompanied by a modulation of event-related 
beta amplitude which originated from the contralateral sensory-motor cortex [3]. In 
addition, the amplitude modulation was affected by various motor parameters, such 
as movement tempo and force level [4]. Hence, these results indicate a cortical beta 
oscillator associated with rhythmic movement and might thus serve as window into 
the neural mechanisms of motor coordination. 
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Neuronal coherence as a mechanism of effective corticospinal 
interaction. 

Jan-Mathijs Schoffelen 
FC Donders Centre for Cognitive Neuroimaging, Radboud University, Kapittelweg 29, 
Nijmegen, the Netherlands, Email: jan.schoffelen@fcdonders.ru.nl 

Long-distance oscillatory synchronization between neurons in the primary motor 
cortex and neurons in the spinal cord is a commonly observed phenomenon. 
Neuronal synchronization might be instrumental for information transfer [1], not only 
within and between different regions in the brain, but also between the brain and the 
peripheral nervous system. It has been found that go-cue expectancy affects spike 
synchronization in primary motor cortex [2]. We hypothesized that oscillatory 
synchronization between the motor cortex and the spinal cord, also termed cortico-
muscular coherence (CMC), might be involved in motor preparation, and thus might 
be modulated in parallel with modulations in the go-cue probability in a simple 
reaction time task. 
To test this, subjects were trained to hold an isometric wrist extension until a go-cue 
occurred. The go-cue was a speed increase of a drifting grating that could occur 
between 0.05 and 3.0 s after grating onset. The instantaneous probability (hazard 
rate) of the go-cue was manipulated. Each subject was trained separately on two 
different hazard functions, i.e., linearly increasing and linearly decreasing as a function 
of time. CMC was assessed between the muscles involved and MEG sensors overlying 
contralateral motor cortex. We found reaction times to be inversely correlated with 
the hazard rate, indicating enhanced motor preparation during periods of high target 
probability. Coherence around 20 Hz was generally reduced during task 
performance. In contrast, CMC around 40 Hz, i.e., in the gamma-frequency range, 
was correlated with the hazard rate. We conclude that cortico-muscular gamma-
frequency coherence may play a functional role in movement preparation. 
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Amplitude and phase synchronization during learning – changes in 
the neural dynamics accompanying perceptual-motor integration 

Sanne Houweling 
Faculty of Human Movement Sciences, VU University Amsterdam, Van der 
Boechorststraat 9, 1081 BT Amsterdam, the Netherlands, Email: s.houweling@fbw.vu.nl 

The coordination of bimanual movements is mediated, among others, by a coupling 
between hemispheres. We studied changes in cortico-cortical and cortico-spinal 
synchronization during the learning and stabilization in a perceptual-motor integration 
task involving polyrhythmic bimanual performance. Polyrhythmic force production 
appears especially useful for investigating bilateral activities as it allows for 
disentangling spatial components via conventional spectral decompositions [1]. Nine 
normal subjects exerted isometric forces with their index fingers in a 3:2 polyrhythm. By 
providing visual feedback we searched to improve performance via mapping the 
complex multifrequency motor output to a simple iso-frequency coordination task [2]: 
when subjects properly performed the desired force pattern, the feedback displayed 
two disks that rotated either in phase or in antiphase at the frequency of the fast 
finger. Using whole-head magneto-encephalographic and bilateral 
electromyographic recordings we found altered inter- and intrahemispheric 
synchronization and cortico-spinal synchronization in different frequency regimes as 
performance stabilized. Effects of synchronization in terms of changes in (time-
resolved) coherency and phase synchrony were related to the stability of motor 
performance. As the stabilization of polyrhythmic bimanual coordination may 
generally involve a decrease of interhemispheric inhibition [3], we interpreted the 
concomitant change in interhemispheric synchronization as the result of altered 
transcallosal crosstalk. Our paradigm allows for independently varying the attention 
that is required to perform a complex motor task and the common input that is driven 
by the visual feedback.  
The results displayed changes in bilateral synchronization patterns after learning 
polyrhythmic bimanual performance. Effects of synchronization, expressed in terms of 
changes in (time-resolved) phase synchrony, were clearly related to the quality of 
motor performance [4]. Since stabilization of polyrhythmic bimanual performance 
may generally be caused by (a decrease in) interhemispheric inhibition [3], we discuss 
the concomitant change in bilateral synchronization as a result of altered transcallosal 
crosstalk. 
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3. Energetic constraints on human gait 
Convenors: Han Houdijk and Jaap Harlaar 
VU University Amsterdam, the Netherlands; Email: h.houdijk@fbw.vu.nl 

Methodological issues in measuring metabolic energy expenditure 
during gait  

Merel-Anne Brehm 
Department of Rehabilitation Medicine, VU University medical center, Amsterdam, the 
Netherlands, Telephone: +31(0)204443062, Fax: +31(0)204440787, Email: 
m.brehm@vumc.nl 

The ability to walk is an important prerequisite for the execution of many daily-life 
activities. Unfortunately, most people with disorders affecting the lower extremities 
experience limitations in walking. These may restrict physical mobility and, thereupon, 
cause significant disability. Limitations in walking are, amongst others, associated with 
an increased energy expenditure (EE) of walking, resulting from various gait 
abnormalities (1-3). Interventions that aim to improve physical mobility by reducing 
the EE during gait are, therefore, important treatment modalities in rehabilitation to 
maintain or improve independent functioning. 
EE can be assessed, without encumbrance to the patient, from computerized 
portable gas-analysis systems (e.g., VmaxST, Cosmed K4b2). Such systems enable the 
measurement of oxygen-uptake (VO2) and carbon dioxide production (VCO2) during 
walking over level ground, which makes it possible for subjects to walk at their own, 
self-preferred speed. Subsequently, this gives the optimal value that allows an 
accurate comparison of data between and within subjects. To use these portable 
systems in clinical gait studies, it is essential that the methodology be appropriately 
validated. Besides the evaluation of system accuracy, this must also include a 
reproducibility evaluation of the outcome measures that are used. EE of walking is 
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generally expressed by two outcomes, energy consumption (ECS) and energy cost 
(EC). Additionally, ECS and EC can be reported in terms of gross utilization ( = total 
utilization) or net utilization ( = gross-resting utilization). Information on the 
reproducibility of these different outcome measures is limited, especially in clinical 
populations. This study reports on these and other methodological issues regarding the 
assessment of EE during gait. 
The VmaxST system is a practically feasible instrument to assess the EE during gait, and 
its accuracy is adequate for use in clinical populations (4). A reproducibility evaluation 
of the EE outcomes showed that an EC measure is much more reproducible than an 
ECS measure (3). Furthermore, it was shown that the reproducibility of gross outcomes 
seems superior to that of net outcomes, especially in patients (Table 1; 5). Based on 
these results, it is advocated that gross EC of walking should be used in the clinical 
evaluation of a patient’s pathological gait. Yet, evaluations in children and 
evaluations with a long follow-up time require appropriate normalisation, and, 
consequently, necessitate that EC is reported in net terms. Therefore, changes in 
processing methods and in the study design can be used to increase the 
reproducibility of net EC, therewith improving its clinical utility.  
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The relationship between running economy and the moment arm of 
the Achilles tendon: Energy storage in the tendon is more sensitive to 
muscle moment arm than to mechanical properties of the tendon 

Melanie Scholz 1, Maarten Bobbert 1, Knoek van Soest 1, Jimmy Clark 

2, Johan van Heerden 2 

1Faculty of Human Movement Sciences, VU University Amsterdam, the Netherlands; 
2Institute of Sport Research, University of Pretoria, South Africa; Email: 
m.scholz@fbw.vu.nl 

During level locomotion little work is done against the environment, but the kinetic 
and potential energy of the body fluctuates cyclically with each step. The negative 
work that is done in the first half of the step must be compensated by positive work 



Symposia 

 32 

before the beginning of the next step. A muscle tendon complex (MTC) can do 
mechanical work by (1) converting metabolic energy to mechanical energy with its 
contractile element (CE), (2) releasing previously stored energy from its series elastic 
elements (SE), (3) any combination of (1) and (2). Maximizing the contribution of the 
SE lowers the metabolic cost of positive MTC work. To store energy in the SE, work must 
be done on the MTC before work is done by the MTC, such as in a stretch-shortening 
cycle which commonly occur during locomotion. The amount of energy that can be 
stored in the SE during the stretch phase is determined by the muscle force at the end 
of the stretch phase and limited by the mechanical properties of the SE (compliance, 
rest length).  
In the current study, we used an inverse musculo-skeletal modelling approach to show 
how moment arm length (ma), via muscle force, affects the SE energy storage during 
in vivo stretch-shortening cycles of the triceps surae during ankle bouncing. Producing 
a given movement with a smaller moment arm requires higher muscle forces at the 
end of the stretch phase. More energy is stored (and subsequently released) by the SE 
Most notably, the length of the moment arm was more critical for the amount of 
energy stored and released by the SE than the mechanical properties of the tendon.  
A strong relationship between running economy and the moment arm of the Achilles 
tendon was confirmed experimentally: the moment arm of the Achilles tendon (as a 
percentage of body height) and the steady state VO2 (in ml/kg/min) for running at 16 
km/h was measured in 14 well trained runners. The relationship between the two was 
highly significant (p = 0.0015, r 2 = 0.6).  

Oxygen cost of gait before and after knee replacement in patients 
with osteo arthritis of the knee 

Nicolette van den Dikkenberg, Onno G Meijer, Inge Spoor, Hamid 
Reza Fallah 
Research Institute MOVE, Faculty of Human Movement Sciences, Vrij Universiteit, 
Amsterdam, Telephone: +31-(0)20-5988452, Email: 
nicolette.vandendikkenberg@fbw.vu.nl 

People with ostearthritis (OA) of the knee perform activities of daily living slower than 
their healthy peers. Slowness of movement might be caused by an inefficient 
movement pattern resulting in relatively high oxygen cost. Studies indicate that at 
preferred walking velocity oxygen cost is higher in patients with knee OA than in 
healthy subjects (Mattson et al. 1990, Fusi et al. 2002). However these studies did not 
take the effect of velocity on oxygen cost into account and did not use a 
comparable control group in terms of age and weight. This is important since OA is 
typically found in people older than 50 years with a relatively high Body Mass Index. 
Age and BMI are both positively related to oxygen cost during gait (Mian et al, 2006, 
Browning and Kram, 2005).  
Net oxygen cost during gait was studied in 16 patients with knee OA before, 2 and 6 
months after knee replacement. The control group consisted of 10 healthy age- and 
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BMI-matched participants. Participants were asked to walk on a treadmill at 7 
predetermined velocities. Comfortable velocity, maximum velocity, oxygen cost 
(ml/kg/m) at each velocity, minimum oxygen cost over all velocities and the velocity 
of minimum oxygen cost of patients (before and after knee replacement) and of 
healthy controls were compared. 
Comfortable and maximum walking velocity were significantly lower for patients than 
for healthy participants (Mean: Vcomf = 2.5 km/h vs 4.4 km/h, Vmax = 3.0 vs 5.3 km/h). 
There were no significant differences between pre- and post operative comfortable 
and maximum velocities.  
At none of the velocities significant differences in oxygen cost between healthy 
participants and patients were found. Neither did oxygen cost at a given velocity 
differ significantly pre-operatively compared to post operatively.  
The individual minimum oxygen cost was significantly higher for knee patients than for 
healthy participants. The velocity with individual mimimum oxygen cost was 
significantly lower in patients than in healthy participants. Both because the maximum 
velocity of patients was lower.  
We found that oxygen cost of gait is not higher for people with knee OA than for 
healthy age and BMI-matched people when walking at the same velocity. Because 
patients could not walk at the higher velocities, they did not reach the velocity at 
which healthy participants show a minimum in the oxygen cost curve. When studying 
oxygen cost during gait in patients with OA it is important to take gait velocity, age 
and BMI into account. 
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Biomechanical modeling and analysis of the energy cost of 
amputee walking. 
Han Houdijk 1, 2, Eveline Pollmann 1, Marlies Groenewold 1, Han 
Wiggerts 3, Kirtsen Nienhuys 3, Wojtek Polomski 2 
1Institute for Fundamental en Clinical Human movement Sciences, VU University 
Amsterdam, the Netherlands, 2Heliomare Research and Development, Wijk aan Zee, 
the Netherlands, 3Rehabilitation Center Amsterdam (RCA), Amsterdam, the 
Netherlands, Telephone: +31-(0)20-5988469, Email: h.houdijk@fbw.vu.nl  

Despite great improvement in prosthetics components, the energy cost of walking 
with a lower limb prosthesis remains elevated compared to normal [1]. Although 
intuitively this seems obvious, no sound explanation for this increase has yet been 
found. Recently, a double inverted pendulum model has been presented [2] that 
might resolve this issue. Based on this model, it can be predicted that the mechanical 
work required for the step-to-step increases when the push off needs to be generated 
by hip extension substantially prior to double support instead of by ankle plantar 
flexion during double support. This is the case in amputees who lack a power 
generating capacity in the prosthetic ankle. The purpose of this study was to 
investigate the external mechanical work for the step-to-step transition and its relation 
with metabolic energy cost of amputee walking. 
Eleven transtibial amputees (AMP) and eleven age-matched control (CO) walked at 
both self selected (SWS) and fixed (FWS, 1.3 m/s) walking speed, while ground 
reaction forces under each separate leg and oxygen uptake were measured. 
External mechanical work was analyzed according to the double inverted pendulum 
model [2]. 
The metabolic energy cost of walking was significantly higher in the amputee group 
compared to the control group during the FWS trials (2.64 J·kg-1·m-1 vs. 2.09 J·kg-1·m-
1, p = 0.004), while a small, non significant, difference was found at SWS (2.63 J·kg-1·m-
1 vs. 2.34 J·kg-1·m-1, p = 0.102). At both speeds, during double support, the positive 
work generated at the prosthetic trailing limb was significantly lower compared to 
normal. In addition, the negative work generated at the intact leading leg during 
double support was significantly higher for AMP compared to CO Despite these 
differences during double support, the total gross mechanical work over a stride did 
not differ between AMP and CO No significant correlation was found between the 
total external mechanical power and metabolic power. However, a moderate 
though significant correlation was found between the metabolic power and the 
negative mechanical power generated during collision (r = 0.54, p = 0.001). 
It was concluded that the increased mechanical work during the step-to-step 
transition from prosthetic to intact limb appears to contribute to the increased 
metabolic energy cost of amputee walking. However, this effect is concealed in the 
gross measure of total external work over a complete stride. The moderate correlation 
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between mechanical work and metabolic cost suggests that also other energy 
consuming processes as for instance keeping balance might play a role. 
References 
[1] Waters, RL and Mulroy, S (1999). The energy expenditure of normal and 
pathological gait. Gait and Posture, 9, 207-231. 
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Mechanical and metabolic energy effects of reduced ankle motion 
in human gait 

Art Kuo 
Dept. of Mechanical Engineering and Dept. of Biomedical Engineering, University of 
Michigan, Ann Arbor, Michigan USA, Email: artkuo@umich.edu 

The energetic cost of walking increases significantly with lower limb amputation or 
arthrodesis. This increase may potentially be explained by greater step-to-step 
transition costs. Step-to-step transitions refer to work performed to redirect the body 
center of mass, with negative work performed by the leading leg heelstrike collision, 
and positive work performed by the trailing leg push-off to restore mechanical energy. 
Experiments indicate that 60-70% of the cost of walking may be due to step-to-step 
transitions. We examined the gait of normal adults with simulated ankle arthrodesis in 
terms of step-to-step transitions. Arthrodesis was simulated with a walking boot 
constraining the ankle, and was expected to result in reduced push-off, greater 
collision negative work, and therefore higher step-to-step transition costs. We 
measured work performed by each limb on the body center of mass, joint kinematics 
and kinetics, and oxygen consumption. Healthy adult subjects (N = 6) walked 
normally, with bilateral simulated arthrodesis, and also normally but with ankle weights 
to match the weight of the walking boot. We found that push-off work was only 
slightly lower than normal with simulated arthrodesis, and collision negative work was 
only slightly greater than normal. There was also no significant difference (p > 0.05) in 
metabolic energy expenditure between weight-matched normal and simulated 
arthrodesis conditions. Contrary to our expectations, subjects appeared to 
compensate for lost ankle motion, using other joints to achieve a nearly normal push-
off. The shape of the walking boot's ground contact surface also appeared to reduce 
collision negative work. Step-to-step transitions were therefore similar to normal, 
despite the lack of ankle motion. Subjects also appeared to benefit from the ankle 
constraint, due to reduced need to activate the triceps surasurae during much of 
stance. The benefit of the ankle constraint and of the contact surface, along with a 
surprisingly small penalty from loss of push-off, appear to explain the lack of increase in 
energetic cost. Loss of ankle motion need not severely restrict push-off, nor result in an 
energetic penalty. We will briefly discuss possible applications to persons with 
amputation and arthrodesis. 
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4. Long-range dependence in human 
movements: detection, interpretation, and 
modeling perspectives 
Convenor: Didier Delignières 
University Montpellier, France; Email: didier.delignieres@univ-montp1.fr 

This symposium is conceived as a complement to the keynote proposed by Jeffrey 
Hausdorff, and focuses on long-range dependence in human movement. 1/f noise, or 
fractal fluctuations, have been discovered in a number of empirical phenomena, and 
remain an intriguing property, characterized by long-range dependence and self-
similarity. In the domain of motor behavior, fractals have been evidenced, for 
example, in tapping, forearm oscillations, bimanual coordination, or step duration 
during locomotion. This fractal dynamics was frequently presented as the natural 
outcome of complex systems, but the principles underlying its generation remain 
controversial (Wagenmakers, Farrell & Ratcliff, 2004).  
During this symposium, Guy Madison (Umeå, Sweden), Kjerstin Torre (Montpellier, 
France), and Loic Lemoine (Montpellier, France) will present a series of experiments 
focusing on tapping. 1/f fluctuations were evidenced in the series of time intervals 
produced in continuation tapping, and in the series of errors in synchronization 
tapping (Chen, Ding, & Kelso, 1997; Gilden, Thornton & Mallon, 1995; Lemoine, Torre, & 
Delignières, 2006; Madison, 2004). These communications present studies aiming at 
evidencing the origin of 1/f fluctuations in such tasks, the factors that could modulate 
the fractal properties of signals, and the models that could take account for their 
evidenced statistical properties. These experiments show that fractal analyses open a 
new window of observation on timing control, and allow a fruitful re-examination of 
classical theories. Finally Eric-Jan Wagenmakers (Amsterdam, the Netherlands) will 
discuss several hypotheses that have been proposed for explaining the universality of 
1/f noise, and some general models that could be able to generate this kind of 
fluctuation over time.  
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Exploring the origin of long-range dependence in human timing: 
Effects of sensory feedback and relations between synchronisation 
and production 

Guy Madison 
Department of Psychology, Umeå University, SE-90187 UMEÅ, Sweden, Telephone: +46-
(0)90-7866401, Fax: 46-(0)90-7866695, Email: guy.madison@psyk.uu.se 

Sequences of intervals intended to be isochronous exhibit long-range dependence in 
terms of fractional Gaussian noise (fGn). The Hurst exponent is < 0.5 when 
synchronizing with physically isochronous sound sequences (Pressing & Jolley-Rogers, 
1997), and > 0.5 for (internally paced) production, increasing for longer intervals. The 
origin of these dependencies is unclear, but they may obviously have something 
important to say about the underlying mechanisms for explicit timing, a matter of 
considerable controversy. It has been suggested that fGn might arise naturally from a 
timing mechanism in which each interval is determined by a few immediately 
preceding intervals (Madison, 2004), in line with a timing model that incorporates 
memory and habituation (Staddon, 2005). In contrast, there is no principled reason 
why fGn would emerge from the widely established pacemaker-counter clock. 
The pacemaker-counter clock is an open-loop model in which sensory afference is 
not assumed to play any role, whereas memory is conceivably heavily dependent on 
sensory information. The purpose of the present study was therefore to compare 
conditions of facilitated vs. restricted sensory feedback from the participants’ own 
movements. Furthermore, possible systematic relations between long-range 
dependence during production and a number of synchronization performance 
indices were examined. 
Six experienced participants performed repeated sessions on different days, in total 10 
trials for each condition comprising 4 inter onset intervals (500, 800, 1100, and 1500 ms) 
with either auditory feedback or no feedback. Finger movements were registered by 
breaking a beam of light.  
Preliminary analyses of the production data indicate that auditory feedback led to 
slightly smaller Hurst exponents, in agreement with the hypothesis, but only for 500 ms. 
However, auditory feedback led to smaller variability for all interval durations. Analyses 
of synchronization data are in progress. 
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Fractal modeling of synchronization tapping in line with continuation 
tapping 

Kjerstin Torre 
EA 2991 Motor Efficiency and Deficiency, University Montpellier I, France, Telephone: 
+33 (0)4 67 41 57 35, Email: ktorre@univ-montp1.fr 

In continuation tapping, participants produce self-paced inter-response interval series 
presenting 1/fβ structure. When tapping is performed in synchronization, the inter-
response interval series appear as differenced series with a positive spectral slope, 
while the produced asynchronies present the typical 1/f β structure. 
Characteristic inter-response interval series in continuation tapping can be well 
modeled by providing the internal timekeeper C of the Wing and Kristofferson model 
with 1/fβ noise (Delignières, Torre, & Lemoine, submitted), using the shifting strategy 
model (Wagenmakers, Farrel, & Ratcliff, 2004). 
For synchronization timing, Vorberg and Schulze (2002) proposed to extend the 
original Wing and Kristofferson model with an auto-regressive correction of 
asynchronies, accounting for Gaussian properties and short-range correlation in series. 
However, with regard to long-range correlation, the hypothesis of simple auto-
regressive synchronization processes has been opposed, arguing that such a 
mechanism can not account for the 1/fβ structure observed in asynchronies (see for 
example Ding, Chen, & Kelso, 2002). 
We propose to combine the modified continuation tapping model with the auto-
regressive extension for synchronization. This combined model allows to reproduce the 
features evidenced in experimental synchronization tapping, notably the negative 
lag1 auto-correlation in inter-response intervals, a positive and persistent auto-
correlation function in asynchronies, and the characteristic power spectra of both 
inter-response intervals and asynchronies. So, a comprehensive regard on both 
continuation and synchronization processes allows to live up to Gaussian, short-range 
and long-range correlation properties of inter-response interval series and 
asynchronies in synchronization tapping. 
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Synchronisation and syncopation: A common timing model. 

Loïc Lemoine, Kjerstin Torre, Didier Delignières 
EA 2991 Motor Efficiency and Deficiency, University Montpellier I, France; Telephone: 
+33-467901346; Fax: 33-467415708; Email: loic.lemoine@univ-montp1.fr 

Chen, Ding and Kelso (1997) suggested that series of errors collected during tapping 
in synchronization presented fractal properties. Torre, Lemoine and Delignières (2006), 
using ARFIMA modeling, provided statistical evidence for the presence of long-range 
dependence in those series. They proposed a model, combining the shifting-strategy 
model (Wagenmakers, Farrell & Ratcliff, 2004) and a first-order auto-regressive 
correction (Vorberg & Wing, 1996). This model seemed able to account for the 
dynamical structure of errors and inter-tap intervals. The main element of this model is 
an activation-threshold timekeeper, whose threshold presents random shifts, leading 
to a plateau-like evolution over time. This evolution in threshold is supposed to be 
related to the successive adoption of different strategies for controlling duration. 
Simulations suggested that one key parameter for determining long-range 
dependence was the range of threshold shifting.  
Chen, Ding and Kelso (2001) analyzed the fractal properties of series of errors in two 
contrasted conditions: synchronization and syncopation to the metronome. They 
showed that the fractal exponent was higher in syncopation than in synchronization. 
Moreover, they showed that providing participants with efficient control strategies for 
syncopation (e.g., extending the finger on the beep) induced a decrease of fractal 
exponents, which reached the level observed in synchronization. One could then 
suppose that the difference in exponents observed between synchronization and 
syncopation is related to the difficulty to adopt a consistent strategy in syncopation. 
The aim of this study was then to test this hypothesis and the ability of the model to 
account for differences between conditions.  
Nine participants were tested in both tasks at a timing frequency of 1.25Hz. Results 
confirmed the significant effect of task on fractal exponents. Simulation with the 
model showed that setting a higher range of threshold shifting allowed producing 
series statistically similar to those observed experimentally.  
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Models for 1/f noise in psychological time series 

Eric-Jan Wagenmakers 
University of Amsterdam, Department of Psychology, Methodology Unit, Roetersstraat 
15, 1018 WB Amsterdam, Email: ewagenmakers@fmg.uva.nl 
Stock market fluctuations, neuronal spike trains, network traffic, and sunspot activity; 
these are all examples of physical systems that display persistent temporal 
correlations, long-range dependence, or 1/fα noise. What this means is that the above 
systems are self-similar and scale-invariant, that they operate in between the 
randomness of white noise and the predictability of Brownian motion, and that they 
have autocorrelations that decay relatively slowly. 
In the last decade, 1/fα noise has also been detected in a wide variety of 
psychological time series (see Wagenmakers, Farrell, & Ratcliff, 2004, for a critical 
review). The phenomenon of 1/fα noise is of scientific interest not just because of its 
ubiquity and its fractal features, but also because the origin of 1/fα noise is not easy to 
explain. In this presentation I will discuss several models that generate 1/fα noise. All of 
these models come from econometrics and physics but can be easily recast in 
psychological terms. 
One of the more popular theories for 1/fα noise is self-organized criticality (e.g., Bak, 
1996). I will argue by example that this theory is only useful when it is instantiated in a 
concrete model for performance. Other models that will be discussed are regime 
switching models (e.g., Gourieroux & Jasiak, 2001), point process models (e.g., 
Kaulakys, Gontis, & Alaburda, 2005), and fluctuating-threshold models (Davidsen & 
Schuster, 2002). The study of 1/fα noise as a kind of ‘psychomythics’ (Uttal, 2003) will be 
briefly discussed. 
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5. Perception, cognition, and action in 
skilled performance  
Convenors: Mark Williams 1 and Raôul Oudejans 2 

1Liverpool John Moores University, UK, 2VU University Amsterdam, the Netherlands; 
Email: m.williams@ljmu.ac.uk  

There is considerable scientific interest in understanding the factors underpinning 
skilled performance in sport and other domains. The study of experts helps identify the 
limiting factors to high-level performance and enhances knowledge of the important 
mechanisms that govern such performance and how these may be developed as a 
result of practice and instruction (Williams & Ericsson, 2005). An important 
discriminating factor between skilled and less skilled individuals is the ability to use the 
visual system effectively so as to extract relevant information from the display to guide 
action (Williams et al., 1999). In this symposium the intention is to provide an overview 
of recent research focusing on this topic. The research presented considers the 
complex interactions between perception, cognition and action in tasks that require 
anticipation and strategic decision-making skill on the one hand to those that require 
precise visual control of action on the other. The mechanisms underlying skilled 
performance in each situation are highlighted and implications for practice and 
instruction discussed.  
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The processes underpinning skilled recognition and anticipation in 
soccer 

Jamie North, Mark Williams 
Liverpool John Moores University, UK; Email: m.williams@ljmu.ac.uk  

As a result of extended engagement within a domain, performers develop a broad 
knowledge of sport specific patterns of play. This expert knowledge is proposed to 
guide the processes governing skilled performance. The recognition paradigm is used 
to assess knowledge of these patterns (e.g., Williams, Hodges, North, & Barton, 2006), 
with performance on this test assumed to be a predictor of anticipation skill (Williams 
& Davids, 1995). A series of experiments are presented which aimed to identify the 
conditions underpinning skilled recognition. In Experiment 1, skilled and less-skilled 
participants made anticipation decisions to film sequences before completing an 
incidental recognition task involving film and point-light displays. The skilled soccer 
players demonstrated superior recognition performance when viewing film and point-
light displays. Visual search data indicated that skilled performers pick up important 
relational information from the central attacking players, whereas the less-skilled 
players relied on more superficial features. Also, significant differences in search 
behaviours were observed during anticipation and recognition, implying that different 
processes subserve these two tasks. Next, using the same experimental design, 
retrospective verbal reports were collected while players engaged in anticipation and 
recognition judgements. The skilled players again demonstrated superior recognition 
when compared with their less-skilled counterparts, while the verbal reports indicated 
that the skilled players also engaged more complex representations characterised by 
reference to more varied stimuli and action statements and more task-relevant 
evaluations. Further evidence was presented to suggest that different processes 
underlie recognition and anticipation. In a third experiment a temporally occluded 
recognition paradigm provided evidence that structure emerges as isolated incidents 
in the 3-second period preceding an attacking event. A final experiment compared 
recognition of static and dynamic displays, with the findings further confirming that 
skilled players perceive structure based on the relative motions between players. The 
findings imply that skilled players recognise scenarios as a function of relational 
information. This information is conveyed through the relative motion between 
features and emerges in the final moments preceding an attacking event. Finally, the 
central attacking players appear to be the most important display features when 
perceiving such patterns. Findings are discussed in relation to the encoding specificity 
principle, the interactive encoding model, and long term working memory theory. 
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Game-reading skill in youth soccer: Investigating underlying 
mechanisms 

Roel Vaeyens1, Mark Williams2, Matthieu Lenoir1, Renaat Philippaerts1 

1Department of Movement and Sport Sciences, Ghent University; 2Liverpool John 
Moores University, UK  

The mechanisms underlying expert performance have stimulated much scientific 
debate in recent years. There is a consensus that the ability to locate and identify 
relevant visual information is essential for skillful action in sport. The decision-making 
skills underlying successful performance in youth soccer were examined in a number 
of experiments. The aim of the first experiment was to examine the theoretical 
framework that views visual search behaviour as being an emergent phenomenon 
based on the unique constraints that exist at any given moment (Williams, Janelle, & 
Davids, 2004). Altogether, 87 participants were required to make decisions quickly and 
accurately when presented with 33 offensive play simulations in which the number of 
players involved was systematically manipulated. Firstly, we observed differences in 
visual search strategy and decision-making skill as a function of varying task 
constraints in soccer. Visual search data revealed an increase in the mean number of 
fixations and a simultaneous decrease in the mean fixation duration as the number of 
players increased. The key issue is that players demonstrate different visual search 
behaviours under changing task constraints (i.e., the number of players and the 
relative proportion of offensive to defensive players). Also, decision time and response 
accuracy were significantly different as a function of these task constraints. 
Subsequently, we examined the influence of playing level and experience on 
decision-making skill. Three groups of soccer players demonstrated superior decision-
making skills compared to a non-soccer control group. The international and national 
soccer players also outperformed their regional counterparts. However, there were 
fewer differences than predicted across groups in the visual search behaviours 
employed. In a follow-up study, visual search behaviours were analysed using a 
within-task criterion. When compared with their less successful counterparts, successful 
decision-makers employed more goal-oriented search strategies; they spent more 
time fixating the player in possession of the ball and alternated their gaze more 
frequently between this player and other areas of the display. Using a similar 
approach, retrospective verbal reports were gathered from 40 elite and non-elite 
youth soccer players in a final experiment. Additionally, the practice history profiles of 
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these players were compared in an effort to identify the antecedents of decision-
making skill in elite players. Implications for talent identification and development are 
discussed. 
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Low dimensional dynamic information underlies anticipation skill in 
tennis 

Nick Smeeton1, Raoul Huys2, Peter Beek3, Mark Williams1 

1Liverpool John Moores University, UK; 2Theoretical Neuroscience Group, UMR 6152 
Mouvement & Perception, CNRS & Université de la Méditerranée, Marseille, France; 
3Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands  

A commonly adopted view in the movement sciences is that skilled anticipation of a 
sporting opponent’s intentions depends on successful perception of localized 
kinematic features of their (initial) movements. Using this perspective, several 
researchers have searched for the ‘minimal essential information’ underpinning 
anticipation skill (cf. Abernethy, 1993). In contrast to this view, we examined the 
premise that the optical information used for anticipation resides in the macroscopic 
dynamical structures underwriting the opponent’s body movements. This was 
investigated in the context of anticipating shot direction in tennis. Whole-body (and 
racket) movements of tennis shots in two different directions and distances were 
analyzed using Principal Component Analysis. While shot direction specific differences 
were found in terms of distinct contributions (i.e., eigenvector coefficients) to the 
dominant dynamical structures (stemming from many specific body areas), 
differences in shot distances were negligible. The first three components (or dynamical 
structures) captured approximately 90% of the entire variance. Next, skilled and less 
skilled tennis players were asked to anticipate the direction of simulated shots in which 
only dynamical features (anticipation information) were manipulated in three 
experiments. In Experiment 1, simulations were generated by cumulatively adding five 
components that contained the greatest amount of variance; in Experiment 2 
different combinations of components were used, while in Experiment 3 variability in 
the ‘higher’ components was manipulated that was not specific to shot direction. 
Findings suggested that players predict shot direction by perceiving reduced 
information in the form of multiple (three) low-dimensional dynamical structures. Skillful 
anticipation (in tennis) therefore, appears to involve the extraction of these dynamics 
from high-dimensional displays. 
References 
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Current insights into the visual basis of basketball shooting 

Rita F de Oliveira, Raôul RD Oudejans, Peter J Beek 
Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands, Telephone: (31-20)-5988475, Fax: (31-20)-5988529, Email: 
r.oliveira@fbw.vu.nl 

In the present contribution, we review our current understanding of the visual control 
and optical basis of basketball shooting. Previous research on the visual control of 
basketball shooting suggested that eye and head stabilization relative to the target 
were crucial for successful performance (Ripoll, Bard, & Paillard, 1986). It was also 
established that although visual acuity had not proven a necessary asset (Applegate 
& Applegate, 1992), experts maintained a long fixation on the target before initiating 
the free throw (Vickers, 1996). This was interpreted as evidence that movement was 
pre-programmed during fixation and subsequently executed in an open-loop fashion. 
However, critics charged that these interpretations were invalid in more dynamic 
instances, namely in jump shooting, or when the shooting style used allowed vision of 
the target during movement execution. In support of this assertion, it was 
demonstrated that seeing the target only during the final shooting movements 
provided enough information for accurate shooting (Oudejans, van de Langenberg, 
& Hutter, 2002). We further examined the gaze behavior of expert basketball players 
taking free throws and jump shots (de Oliveira, Oudejans, & Beek, submitted-b). It 
appeared that low-style players looked at the target longer in the free throw than in 
the jump shot but maintained their performance in both conditions, whereas high-
style players always looked at the target during the final shooting movements. In 
another study we found that introducing visual delays between viewing the target 
and shooting not only affected performance but also the coupling between adjacent 
joints of the shooting arm (de Oliveira, Huys, Oudejans, van de Langenberg, & Beek, in 
press). Both these studies indicated that basketball shooting is controlled online by 
vision. Thus, to examine whether there was a preferred timing of optical information 
pick-up, we asked expert players to take jump shots under intermittent viewing (de 
Oliveira, Oudejans, & Beek, 2006). As expected, players preferred to see the target as 
late as possible, as permitted by the employed shooting style. Having established that 
basketball shooting is controlled online and that players rely on the latest and most 
updated information about the target, we investigated what information sources 
underlie this perceptual-motor task (de Oliveira, Oudejans, & Beek, submitted-a). In a 
series of experiments it was shown that players use the angle of elevation as they 
direct eyes and head to the target, and that the use of this information source is 
calibrated to the height of the basket. 
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6. Movement Sequences 2: Insights from 
the serial reaction time task 
Convenor: Willem Verwey 
University of Twente, the Netherlands; Email: w.b.verwey@utwente.nl 

Sequential behavior is the organization of movements into a temporal structure that is 
relevant for the survival of the organism. The resulting behavioral sequences can be of 
a fixed and stereotyped nature, acquired through repetition, or they may also arise 
via more on-line mechanisms of composition, based on the assembly of existing 
sequence elements or subsequences. This mini-symposium will consider research for 
investigating sequential behavior, especially focusing on a task that is used often for 
studying the mechanisms underlying the organization of movement sequence, which 
is the serial RT task. This mini-symposium complements the twin mini-symposium 
Movement Sequences 1: Insights from various tasks. 

Disjoint chunks vs. graded statistics: learning is continuous in the SRT 
task 

Luis Jiménez 
Universidad de Santiago, Spain; Telephone: +34 981 563100 Ext.13914; Fax: +34 981 
528071; Email: jimenez@usc.es  

To learn a sequence of responses over a serial reaction time (SRT) task can produce 
either a continuous improvement in performance according to the statistical structure 
of the sequence, or a discrete process of learning about separate fragments. Each of 
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these learning styles has been modeled through a different theory (Cleeremans, 1993, 
Perruchet & Vinter 2002), but it is not clear which behavioral differences may help 
researchers to distinguish between them. A process of learning disjoint chunks, 
together with the progressive composition of the resulting fragments, could end up 
producing a pattern of performance similar to that produced by a connectionist 
model that continuously learns to exploit the statistical structure of the sequence. 
Because different learners may be chunking the series in a different way, it is difficult 
to spot clear discontinuities from average RTs. On the other hand, exploration of 
individual data is not much helpful either, because at this level it becomes very 
difficult to separate random from systematic variance. This research starts by assuming 
that the measures of variance of RT as computed between parts of the sequence 
can provide us with a useful index of the continuous vs. fragmentary nature of the 
underlying learning process. According to PARSER, we posit that chunk learning should 
produce a relative increase in this measure of variance, at least over the first blocks of 
training. However, several experimental studies showed that this increase in variance is 
not observed in such continuous settings. This is true even when either color or 
semantic cues are added to the material in an attempt to force participants to chunk 
the sequence in a particular way. Given that such fragmentation effects have been 
widely observed in related studies using discrete sequence production tasks (Verwey, 
2001), it appears that there are the continuous responses required specifically by the 
SRT tasks what produces the seamless, statistical learning process observed selectively 
in this type of tasks. 
References 
Cleeremans, A (1993). Mechanisms of implicit learning. Connectionist models of 
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Perruchet, P, Vinter, A (2002). The self-organising consciousness: A framework for 
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Contextual dependent motor learning in a static environment 

EL Abrahamse, WB Verwey, JH Annema  
Twente University, Telephone: +31 53 4894637, Fax: +31 53 4894580, Email: 
e.l.abrahamse@gw.utwente.nl  

This study investigated the development of contextual dependencies for perceptual-
motor learning on static and task irrelevant features from the learning environment. In 
two experiments we manipulated task irrelevant, static context features, and 
measured the effect on performance in a serial reaction-time task. Experiment 1 
demonstrated impaired performance after simultaneously changing display color, 
stimulus shape, and screen location, whereas Experiment 2 showed that this effect 
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was mainly caused by the sole contribution of changing the stimulus shape. These 
results thus indicate that contextual dependencies develop for perceptual-motor 
performance, but that this process is rather selective. Further experiments will have to 
indicate whether context change only impaired stimulus-response associations, or also 
sequence learning itself. 
References  
Wright, DL, Shea, CH (1991). Contextual dependencies in motor skills. Memory & 
Cognition, 19, 361-370 

Implicit learning of sequences: discretness versus continuity 

Stephanie Chambaron-Ginhac 
Université Libre de Bruxelles, 50 Av. FD Roosevelt (CP 191), 1050 BRUXELLES – BELGIQUE, 
Telephone: +322 650 36 22, mail: schambar@ulb.ac.be 

Chambaron, Ginhac, Ferrel-Chapus, and Perruchet (2006) failed to observe learning 
in a tracking task using repetitions of the continuous movement of a target. This result 
stands in sharp contrast with the ubiquitous evidence of learning obtained in Serial 
Reaction Time (SRT) tasks, which involves the repetition of discrete positional changes. 
In three experiments, we show that performance improvement in a SRT paradigm 
persists when (1) the repeated sequence is surrounded by random sequences, as in 
continuous tracking tasks (2) the SRT task is performed with a computer mouse rather 
than with keypresses and (3), the number of possible locations of the target is 
extended from 4 to 8, with those locations being no longer displayed continuously on 
screen. Although they do not offer a definitive explanation for the difficulty to learn 
from continuous movements, these results restrict the number of possible hypotheses. 
They also suggest new procedures for investigating issues yet to be explored in SRT 
research. 
References 
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How incidental sequence learning creates reportable knowledge: 
The role of unexpected events 

Dennis Rünger 1, Peter A Frensch 2 

1Berlin-Brandenburg Academy of the Sciences, Berlin, Germany, 2Humboldt-University, 
Berlin, Germany, Telephone: +49 (0)30 20370 205, Email: dennis.ruenger@gmail.com 

A typical outcome of an incidental learning episode with the serial reaction time 
(SRT) task is that some participants are able to verbally describe the sequential 
regularity built into the task. However, little is known about the processes that 
contribute to the generation of reportable sequence knowledge. Frensch and 
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collaborators (2003) proposed that individuals acquire reportable sequence 
knowledge when they search for an explanation to an observed unexpected event. 
In several experiments we tested the validity of the unexpected-event hypothesis. 
Unexpected events were experimentally induced through different types of disruption 
of the incidental learning process. We hypothesized that the disruptions would trigger 
the generation of reportable sequence knowledge. Thus, we expected to find 
superior reportable sequence knowledge compared to a control condition without 
experimentally induced unexpected events. 
Participants in Experiment 1 made up the control group. They performed 10 blocks of 
trials with a modified 6-choice version of the SRT task. Response locations on 
successive trials conformed to a simple sequential regularity (e.g., 1-4-3-6-2-5) for 
which reportable knowledge was assessed. In Experiment 2a/b sequence learning 
was disrupted by interspersing additional random blocks of trials among the ten 
regular blocks. Contrary to our expectation, reportable sequence knowledge was 
comparable to Experiment 1. In Experiment 3a/b/c sequence learning was disrupted 
by transferring participants to an alternate regularity and back to the primary 
response sequence. This manipulation caused a significant increase in reportable 
knowledge about the primary response sequence. Finally, in Experiment 4 participants 
were required to perform a secondary task on blocks that contained an alternate 
regularity. As a result reportable knowledge about the primary response sequence 
was reduced to the level of the control group. 
In summary, our results support the unexpected-event hypothesis (Frensch et al., 2003). 
The interpolation of an alternate sequential regularity promoted the generation of 
reportable sequence knowledge. However, interpolated random blocks did not have 
the expected effect. Presumably, a search process was triggered by the random 
events, but the search necessary failed to uncover a regularity when it was carried 
out while response locations were unpredictable. We further assume that the 
facilitative effect of an interpolated alternate sequence was offset by a concurrent 
secondary task because increased attentional demands precluded the execution of 
the search process. 
References 
Frensch, PA, Haider, H, Rünger, D, Neugebauer, U, Voigt, S, Werg, J (2003). Verbal 
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7. Noise and adaptive behaviour 
Convenor: Wolfgang Schöllhorn 
University of Münster, Germany; Email: move.brain@uni-muenster.de 

Commonalities and differences between noise and variability seem to be 
unexplained considering the extensive discussions on different levels of observation in 
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movement research. Especially the exposure to noise seems to gap bridges between 
different points of view. 
In the following mini symposia we discuss different facets of noise in connection with 
adaptive phenomena. On a physiological level Balague and colleagues will 
introduce some influence of noise in terms of VO2-oscillations on adaptive responses 
to endurance exercise and on the capacity for performance. From a 
phenomenological point of view Chow and colleagues analyse complex pattern 
variability of kicking tasks and draw pedagogical consequences. A unifying approach 
for established learning theories on the basis of noise on a phenomenological level is 
presented by Schöllhorn and colleagues. In a phenomenological modeling 
approach, Mayer-Kress and colleagues will suggest a class of non-linear dynamical 
models with discrete time evolution in which both deterministic and stochastic 
components are estimated to explain several phenomena in adaptive behaviour on 
different time scales. Findings of Newell and colleagues support the postulation that 
the power law fits to learning data have masked patterns about the time scales of 
learning. A system identification approach to motor learning through the 
determination of the characteristic time scales of performance dynamics will be 
presented.  

Self-organisation of the VO2 dynamics in exercise physiology 

Natàlia Balagué 1, Daniel Ranz 1, Robert Hristovski 2 
1INEFC Univ. Barcelona – Spain; 2Faculty of Physical Culture – Skopje R Macedonia; 
Email: robert_hristovski@yahoo.com 

Our adaptive response to exercise and the capacity for performance is in general 
understood as a sum of different physiological functions and reserve capacities of the 
organism. These capacities, understood as the maximum values obtained in each 
function, are checked regularly through tests administrated to athletes and also to 
patients. 
Nevertheless our organism can be understood not only as the sum of isolated 
functions but alternatively as a complex system in which the functions are coupled 
among themselves. Relevant information about the adaptive response to exercise 
and the capacity for performance can be obtained alternatively by variables that 
are the dynamical product of the collective behaviour of different subsystems.  
Two experiments are discussed to show how VO2 can be considered as an order 
parameter (collecting information about different interacting functions 
(cardiovascular, respiratory, and metabolic) whose dynamics can inform about the 
qualitative changes occurring during exercise, considering the intensity as a control 
parameter. The nature of the oscillations in the order parameter is investigated not as 
a problem of cybernetic control loops (with central controller of set points) but as 
variability emerging from the self-organising dynamics of the involved subsystems.  
In conclusion, it seems that it is possible to understand the adaptive response to 
exercise and the limits of performance in terms of a self-organisation process.  
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Movement pattern variability: Neurobiological noise or adapative 
behaviour during motor learning 

Jia Yi Chow 1, 2, Keith Davids 3, Chris Button 1  
1School of Physical Education, University of Otago, New Zealand; 2Physical Education 
and Sports Science, National Institute of Education, Singapore; 3School of Human 
Movement Studies, Queensland University of Technology, Australia; Telephone: 00-65-
6790 3716; Fax: 00-65-6896 9260; Email: jchow@pooka.otago.ac.nz; 
jychow@nie.edu.sg  

Performance variability has traditionally been viewed as a product of a signal 
contaminated by ‘noise’ in an information processing pathway (Broadbent, 1958), to 
be minimised for optimal task performance. Emerging evidence has questioned 
whether movement pattern variability should always be considered as noise, 
indicating a more functional role for achieving successful performance outcomes 
(Newell et al., 2006; Riley & Turvey, 2002). In this presentation, we propose how 
movement pattern variability might provide a platform for successful motor learning 
as individuals effectively explore movement solutions to meet specific task goals. The 
inherent degeneracy, defined as non-isomorphic components producing 
isofunctional outcomes, effects or solutions (Tononi et al., 1999), of neurobiological 
systems provides a basis for a complex and functional relationship between 
movement pattern variability and performance outcomes. Using a multi-articular 
kicking task, we observed the functional role of movement variability during motor 
learning. Four adult male learners practiced kicking a ball over a barrier to various 
target positions for 12 practice sessions with 40 trials per session. Achievement of 
performance outcomes improved significantly for all participants by the end of 
practice. Adopting and advancing cluster analysis procedures previously used by 
Schöllhorn and colleagues (e.g., 2002), we observed that two of the participants 
demonstrated increased movement pattern variability prior to a change from one 
preferred pattern to another preferred pattern. The findings highlighted the need for 
more individualised analysis techniques such as the cluster analysis procedure used to 
focus on individual movement pattern preferences. At a theoretical level, data 
suggested that movement variability should not necessarily be viewed as noise or 
error during motor learning by degenerate neurobiological systems, especially when 
changes in variability were considered in relation to improved performance outcome 
achievement. Results also suggest that pedagogical approaches which introduce 
sources of variability, including stochastic resonance, during motor learning might 
provide a fruitful framework for skills practitioners. The Differential Learning technique 
proposed by Schöllhorn et al. (2006) is one such approach and practical implications 
for using movement variability to encourage exploration of learner’s perceptual-
motor workspace will be discussed.  
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Non-linear stochastic map models of motor learning 

Gottfried Meyer-Kress 1, Karl Newell 1, Yeou-Teh Liu 2 

1Department of Kinesiology, Pennsylvania State University; 2Graduate Institute of 
Exercise and Sport Science, National Taiwan Normal University 

In motor learning we study various regularities that can be observed when humans 
(as well as most animals) show a persistent change in behavioral patterns that they 
exhibit under a class of similar conditions. For instance we can identify a goal that 
cannot be achieved with our current movement repertoire, and then we produce a 
sequence of modified movement patterns that brings us successively closer to that 
goal. In many situations, however, we cannot perceive the goal state directly but only 
infer it indirectly by observing how modifications of movement patterns improve our 
state. For instance, we modify our tennis serve pattern and observe a higher chance 
of success in terms of scores in games, serve speed, accuracy of serve, and other 
possible performance measures. During a time of practice we can observe a steady 
performance improvement interrupted occasionally by stagnation or sudden 
dramatic improvements in performance, perhaps interrupted by bouts erratic 
performance fluctuations. We also expect that after a certain characteristic time of 
practice - that can range from minutes to years or longer - we have ‘learned the task’ 
and reached our maximum performance level.  
In a phenomenological modeling approach, we have developed a class of non-
linear dynamical models with discrete time evolution with both deterministic and 
stochastic components that reproduce the phenomenological requirements of motor 
learning discussed above. In the simplest manifestation we construct a piece-wise 
linear, noisy map in one dimension with the assumption that the performance after 
one practice unit will be determined by the current performance to which a 
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deterministic function is applied, plus the influence of an external force or perturbation 
that is stochastic or random. This discrete approach avoids typical problems of 
stochastic differential equations at very short time scales or high frequencies.  
The discrete stochastic map modeling approach allows natural extensions to more 
complex situations: The dimension of the dynamical system is increased monotonically 
if we add the influence of memories of earlier experiences. For instance we could 
show the emergence of transitions to more chaotic (less stochastic). The dimensional 
complexity of the model can also be increased by taking into account the 
simultaneous influences of different factors such as instructions by coaches. For 
applications the most interesting property of these models is that they can predict 
beneficial influences of noise such as in the case of simulated annealing, (spatio-) 
stochastic resonance or other phenomena in threshold systems. 

System identification strategies and time scales in motor learning 

Karl Newell 1, Gottfried Mayer-Kress 1, Yeou-Teh Liu 2 

1Department of Kinesiology, Pennsylvania State University; 2Graduate Institute of 
Exercise and Sport Science, National Taiwan Normal University; Email: kmn1@psu.edu 

A long time approach to the study of motor learning has been the determination of 
the function for the relatively permanent change of behavior. This has typically been 
assessed on the performance dynamics: namely, the change in the outcome score of 
the action over practice time. The still generally accepted view point is that of A 
Newell and Rosenbloom (1981) who proposed that the ubiquitous law of learning is 
that of a power law which by definition has infinitely many time scales within the 
range examined. However, there have been several challenges of late to the notion 
of power law motor learning, some of which are based on the demonstration of the 
artifacts of time scales that can arise from averaging data over subjects and trials. 
Here, we present a system identification approach to motor learning through the 
determination of the characteristic time scales of performance dynamics. We assess 
the characteristic time scales that are present in the growth/decay processes of 
learning. The identification of characteristic time scales can be used to infer the 
dynamic processes of learning. We provide examples of this approach through 
examination of some existing data sets and the comparative fitting of a number of 
candidate models of learning. A two-time scale model of learning is presented that 
reflects the faster time scale of warm-up processes and the slower time scale of the 
relatively permanent change in performance dynamics. These findings support the 
postulation that the power law fits to learning data have masked patterns about the 
time scales of learning. Moreover, they support the contention that the power law 
while possible in principle from the processes of learning is a special case that is rarely 
achieved, particularly given the length of practice provided in most learning studies. 
Finally, we show how this system identification approach to the growth/decay 
processes of learning can tease out other time scales of performance dynamics, 
including those that reflect fatigue and noise processes. 
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Fluctuations in classical learning theories provide evidence for an 
underlying principle 

WI Schöllhorn 1, DJ Janssen 1, M Michelbrink 1, K Davids 2 

1University of Münster, Germany; 2Queensland University of Technology, Australia; 
Email: schoell@uni-muenster.de 

Established motor learning approaches such as repetition learning (Gentile, 1972), 
learning by means of a methodical series of exercises (Streicher, 1928), the variability 
of practice hypothesis (Schmidt 1985), and the contextual interference hypothesis 
(Magill, 1990) all purport to provide evidence for specific optimal learning strategies. 
Associations between these theories have been rarely discussed and conceptual 
deviations are typically considered as a result of noise or measurement error. 

Figure 1: Depiction of invariants (dash-dotted axis) and variable parameters (dashed axis) over 
time (solid axis) in different motor learning approaches: a) repetition, b) Methodical series of 
exercises, c) variability of practice, d) low contextual interference, e) high contextual interference, 
f) differential learning.  
 
However, if we consider the limited amount of applications of Schmidt’s (1985) 
invariants on movements highly influenced by muscular forces, but less so by 
gravitational and inertial forces (Schneider et al., 1987), then fluctuations of invariants 
and variable parameters seem unavoidable when moving in complex and dynamic 
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performance contexts. If key concepts (i.e., invariants and variable parameters) of the 
variability of practice hypothesis are interpreted within the framework of other 
established learning approaches (Figure 1), then the major influence of fluctuations 
becomes obvious.  
This presentation proposes that each learning approach can be considered as a small 
subset of the whole space of solutions in motor learning that can best be depicted by 
scanning the whole volume of the invariant-variable-parameter- space in the form of 
a lattice-like self organizing neuronal map. Such an approach emphasises the 
potential role of differential learning theory as introduced by Schöllhorn (1999). In 
conclusion, several experiments provide evidence for advantages of exploiting 
underlying principles in terms of fluctuation enhancement during the acquisition 
process. Whether the width of the lattice depends on the subject, on the subject’s 
history or on the task, will open a new field of motor learning research.  

8. From perception to action: A 
re-appraisal of the Milner/Goodale model 
Convenor: Jeroen Smeets 
VU University Amsterdam, the Netherlands; Email: j.smeets@fbw.vu.nl 

How do we get from perception to action? In 1995 Milner and Goodale supplied a 
surprising answer to this question: perception does not lead to action, rather visual 
perception and visually-guided action are processed in parallel, anatomically distinct 
and largely independent streams of our visual system. According to this model visual 
perception is processed in the so-called ventral stream, whereas visually-guided 
action is processed in the dorsal stream. This model proved immensely popular: it is 
clear, testable and simple. However, evidence from recent studies suggests that 
perhaps it is too simple.  
In this session we will review the evidence for the perception/action model and focus 
on its three main streams of evidence: studies with form agnostic patient DF, studies 
with patients suffering from lesions to the dorsal stream, and studies on the different 
effect of visual illusions on perception and action.  
Jeroen Smeets will introduce the perception/action model. He will argue that this 
model assumes a coherent representation of visual space in the brain with regards to 
distance, direction and position. He will present experimental findings which challenge 
that assumption and he will show that if those inconsistencies between position on 
one hand and direction/distance on the other are taken into account the dissociation 
between perception/action with respect to visual illusions disappears.  
Thomas Schenk will present findings from recent experiments with patient DF He will 
show that DF’s selective perceptual deficit can be turned into a selective visuomotor 
deficit if the spatial format of the task is changed. On the basis of this and similar 
findings he will argue that DF’s behaviour is better characterized as a dissociation 
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between different forms of spatial vision rather than a dissociation between 
perception and action. 
In recent variants of the perception/action model, the dorsal path responsible for the 
control of action is assumed to be located in the left hemisphere. Therefore, only 
movements of the left hand will be immune to illusions. Denise de Grave will 
reinvestigate the proposed differential effect of visual illusions on movements of the 
right and left hand. She argues that the size of illusion effects might depend on the 
motor precision. For a pointing task for which she argues that the two hands are 
equally precise, she shows that the illusion has an equal effect on the movements of 
both hands. 
Ferdinand Binkofski presents evidence which challenges the idea that there are only 
two visual pathways. He presents findings from patients with lesions in the inferior 
parietal cortex who show mirror apraxia. These patients are unable to distinguish 
between real and mirror space. These patients perceive the object as located in the 
mirror and guide their hands directly toward the virtual object in the mirror. These 
patients thus show a disorder which manifests itself both in perceptual and visuomotor 
tasks. These findings are complemented by functional neuroimaging studies and 
suggest that the dorsal stream is subdivided into a fast-acting dorso-dorsal stream and 
a slower-acting ventro-dorsal stream.  

The Milner/Goodale model and inconsistent perception 

Jeroen BJ Smeets, Eli Brenner 
Faculty of Human Movement Sciences, VU University Amsterdam, the Netherlands; 
Email: j.smeets@fbw.vu.nl 

The Milner/Goodale model of two visual systems assumes that each of these visual 
systems yield consistent representations which are thought to be a best guess of the 
outside world, based for instance on Bayesian inference. Because what the best guess 
is depends on whether your task is a perceptual judgment or a motor act, two visual 
systems seem a plausible assumption. 
However, this assumption would imply that our percept of the outside world is at least 
consistent in itself. I will show that this is not the case using various simple perceptual 
judgments based on visual illusions.  
We will discuss that the inconsistencies in our percept can be explained if we assume 
that we do not use an internal representation to determine properties of the outside 
world, but use the world itself. In doing so, we do not need to reconcile all properties 
with each other. However, if one accepts that different perceptual processing is used 
for two closely related perceptual tasks, then a differential effect of an illusion on a 
perceptual task and a motor task is no longer evidence for the existence of a visual 
system for action that differs from that for perception. 
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The perception/action model: Revisiting the evidence from patient 
DF  

Thomas Schenk 
Cognitive Neuroscience Research Institute, Durham University, UK, Telephone: +44-
(0)191 33 40438, Fax: +44 ((0) 191 33 40006, Email: thomas.schenk@dur.ac.uk  

In 1992 Milner and colleagues described a patient who suffered from a profound 
inability to discriminate between visual shapes 1. But this patient, called DF, could 
adjust her grasp to differently shaped objects 2. This and similar observations prompted 
the formulation of the perception/action model 3. In this model it is concluded that 
vision for perception and action are processed in separate streams within the human 
visual cortex. Vision for perception is the domain of the ventral stream, a pathway 
which runs from V1 to inferior temporal cortex. Vision for action is the domain of the 
dorsal stream. This pathway runs from V1 to parietal areas. In DF’s case the lesion was 
restricted to the ventral stream, accordingly her deficit was considered to be ‘purely 
perceptual’.  
This notion will be challenged in the current study. I will present the results of two 
recent studies with patient DF and a group of healthy control subjects which provide 
evidence that DF’s deficits are not ‘purely perceptual’. In the first study I asked 
whether DF’s performance is primarily determined by the task (i.e., perceptual versus 
visuomotor) or the spatial format of the required visual information. Subjects 
performed a distance-discrimination and a pointing task. The relevant distance 
information was either presented in hand-centered or object-centered format. It was 
found that it is the spatial format nor the task which determines DF’s performance. Her 
performance was preserved in perceptual and visuomotor tasks when the required 
spatial information was hand-centered and impaired when the information was 
object-centered 4. 
The second study addressed a related issue. All of the motor tasks, which in the past 
were used to demonstrate DF’s preserved visuomotor capacity, used highly 
overlearned motor skills. However, an important aspect of our visuomotor system is the 
ability to learn new skills. Here I ask whether DF’s ability to learn new visuomotor skills is 
also preserved? Subjects performed simple pointing movements. The provided online 
visual feedback was either veridical or distorted by a superimposed 30° rotation. 
Healthy subjects adapted to the visual distortion but DF showed no sign of 
adaptation. This suggests that DF’s ability to learn new visuomotor skills is impaired.  
Together the two studies suggest that the perception/action distinction does not 
provide an appropriate summary of DF’s behaviour, and thereby undermine one of 
the main pillars of the perception/action model.  
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The Brentano illusion influences movements of the left and right hand 
to the same extent 

Denise DJ de Grave, Eli Brenner, Jeroen BJ Smeets 
Faculty of Human Movement Sciences, VU University Amsterdam, the Netherlands; 
Email: d.degrave@fbw.vu.nl 

In this study we investigate whether illusions influence movements of the left, non-
dominant hand more than they do movements of the right, dominant one. 
Movements towards an object can rely on two kinds of information: the egocentric 
position of the object (position coding) and the distance and direction to be moved 
(vector coding). The extent to which each of these kinds of information is used 
depends on how reliable they are. This can be investigated using illusions of length, 
such as the Brentano illusion (de Grave et al., 2004). Since subjects are likely to be 
more uncertain about the position of their non-dominant hand, they may be inclined 
to rely more strongly on distance and direction to guide that hand, and therefore 
show a stronger influence of illusions. Other authors have suggested that there is a 
more fundamental difference between the hands: the left parietal cortex is 
specialised in visuomotor control of action, making the right hand immune for illusions 
(Gonzales et al., 2006).  
To examine whether this more fundamental difference between the hands exists, we 
minimized the likelihood of such uncertainty being important by always encouraging 
subjects to rely on the distance and direction to be moved, by removing the target 
during the movement, while at the same time providing visual information about the 
position of the hand. Subjects made pointing movements with their dominant and 
non-dominant hands, both between the arrowheads of the Brentano illusion, and 
between the arrowheads and a position outside the illusion. The illusion influenced the 
left and right hand to the same extent.  
We conclude that there is no fundamental difference in susceptibility to the illusion 
between the hands. 
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Diagonistic apraxia, anarchic hand and bimanual incoordination 
due to an anterior callosal lesion 

Binkofski F, Verleger R, Friedrich M, Blangero A, Kömpf D, Reetz K 
Department of Neurology, University Hospital Schleswig-Holstein, Campus Luebeck, 
Germany; Email: ferdinand.binkofski@neuro.uni-luebeck.de 

Background 
Patient GH, a 71-year-old, right-handed former School Master, suffered an acute 
ischemic embolic stroke in the rostral part of the corpus callosum. Due to sustained 
arterial hypertension, he had already disseminated microangiopathy in the centrum 
semiovale and a degeneration of the mid portion of the corpus callosum. Initially GH 
presented with a full blown anarchic hand syndrome with a strong bimanual conflict 
and the left hand counteracting the right hand actions. He also exhibited a strong 
bimanual interaction deficit. 
Methods 
The aim of the present combined clinical neuropsychological, magnetic resonance 
imaging and electroencephalographic investigation was to examine the effects of 
the apparent transcallosal disconnection. 
Results 
A) Neuropsychological examination 
The leading clinical syndrome was a diagonistic apraxia with a marked deficit of 
pantomime of object use in the left arm by preserved pantomime with the right arm. 
Fitting to the impaired apparent transfer of complex motor programs from the left to 
the right hemisphere there was a significantly delayed response (up to 2 min.!) in the 
left arm during complex bimanual coordination tasks. During the attempted 
simultaneous bimanual finger-thumb-opposition task the left hand either could not 
initiate the required motor programme or started unvoluntarily a useless overlearned 
motor sequence. In clear contrast to this was the excellent performance of quick and 
automatic bimanual catching movements. There was further a clear cut dissociation 
between the deficient imitation of meaningless finger gestures on both sides and the 
intact bilateral imitation of hand gestures, confirming the dissociation between the 
representations of distal and proximal movements. The reverse situation was found for 
the performance of visuo-constructive tasks, where the left hand performed better 
than the right one. Interestingly, GH reported marked difficulties to suppress 
postponed action decisions – for example, while shopping the postponed decision to 
enter the bakery overcome the newly taken decision to enter a grocery. 
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B) Diffusion tensor tractographic (DTI)  
The results of the DTI study showed an extensive deficit of the transcallosal 
connections in three different parts of the corpus callosum (anterior, middle and 
posterior).  
Conclusion 
The results indicate at a deficient transcallosal communication between the ventro-
dorsal streams responsible for coding of complex movements and intact 
communication between the dorso-dorsal streams processing automatic on-line 
movements. The deficit in suppresion of postponed decisions might result from a 
disconnection between the fronto-mesial areas.  

9. Invariants of discrete and continuous 
movements 
Convenor: Viktor Jirsa 
CNRS & Université de la Méditerranée, Marseille, France ; Email : JIRSA@laps.univ-mrs.fr 

The identification of invariant properties of a system has proven powerful as an entry 
point to the classification of system behavior in the Sciences. Prominent examples are 
the conservation laws in Physics and symmetry groups in Mathematics. As parameters 
are varied, certain properties of the system do not change and hence remain 
invariant, which allows insight into the underlying functional and structural architecture 
of the system. In our symposium, we wish to discuss invariants of the kinematics and/or 
the dynamics of movements to define movement classes and - through such – infer 
knowledge about the timing mechanisms for human movements. Such invariants of 
movement have to be identified, measured and placed into a theoretical framework. 
This is the mindset of our symposium, with a particular focus on discrete and rhythmic 
movements. In other words: do discrete and rhythmic movements represent different 
movement classes? Are there distinct invariant properties for discrete and rhythmic 
movements individually? Or do they only differ parametrically? Questions as such will 
be asked in our symposium with the end effector trajectory as the primary object of 
the discussion. The invited speakers will present various approaches from a range of 
perspectives including physiological, information-theoretical and dynamical 
considerations. We hope that from the total evidence presented, a picture will 
emerge, which identifies the current degree of certainty, to which we can claim that 
discrete and continuous movements are different. Beyond movement and timing, it 
will be methodologically instructive for the audience to see how different disciplines 
shape the investigation of the same object. Our mutual goal is to accumulate 
evidence in support for or against the hypothesis that different timing mechanisms 
underly discrete and rhythmic movements. 



Symposia 

 61 

Threshold position control and its timing in discrete and rhythmical 
actions 

Anatol G Feldman 
Department of Physiology, University of Montreal, Canada, Phone: 514 340 2111 ext 
2192, Email: feldman@med.umontreal.ca 

Threshold position control is an empirically established phenomenon implying that 
motor actions emerge following resetting the threshold position of appropriate body 
segments, i.e., the virtual position at which muscles can be silent but generate activity 
and forces in response to deviations from this position. To control the activity of a 
single muscle or a joint, these levels can shift the threshold muscle length (λ) or 
threshold joint angle, respectively. The system can also change the threshold 
configuration of the whole body to elicit jumping, walking, or dancing. The threshold 
body configuration can also be considered as a referent (R) configuration with which 
the actual configuration (Q) of the body is compared to guide the activity of all 
skeletal muscles. Thus, Q-R is a global factor that guides the activity of all skeletal 
muscles without redundancy problems. Physiologically, changes in threshold positions 
result from shifts in the membrane potentials and/or electrical thresholds of 
motoneurons, a process that precedes changes in the muscle activity and forces. The 
forward aspect of motor control has many important implications. In particular, in 
rapid discrete movements, threshold position control is initiated before the onset and 
is completed substantially before the end of movement. Because of a gap between 
the end of the control processes and the end of movement, the system may initiate 
corrections or a new motor action without waiting for the end of the previous action, 
as is probably the case in rapid sequences of motor actions – piano playing, speech 
production, etc. Perhaps the most unexpected aspect of threshold position control is 
that it implies a new way of synchronizing activity of multiple neuromuscular elements. 
For example, in some motor tasks, the R and Q configurations may temporally match, 
bringing all skeletal muscles, regardless of their biomechanical functions, to 
intermittent silence. Synchronization of the activity of multiple muscles can thus result 
from a spatial event – matching between Q and R, as has been observed in many 
movements involving the whole body. The notion of threshold position control also 
implies that task-specific changes in the referent configuration of the body and, as a 
consequence, a smooth transition from one steady state of the body to another may 
be a primary function of the central pattern generator for locomotion.  
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Discrete movements as a special case of continuous motion: Fitts' 
aimed movement paradigm 

Denis Mottet 
University Montpellier 1, Telephone: +33 467 415 769; Fax: +33 467 415 769; Email: 
denis.mottet@univ-montp1.fr 

The so-called Fitts' law is one of the most robust and lawful quantitative relations in 
human movement sciences. The law states that the movement time (MT) necessary to 
point at a target increases as a linear function of the task difficulty (labelled ID for 
index of difficulty), where ID represents the amount of Shannon's information 
necessary to specify the requested spatial accuracy. Interestingly, changing the 
informational content in a pointing task is also a very effective means to change the 
discreteness of end effector motion. In the reciprocal (or rhythmical) variant of Fitts' 
aimed movement paradigm, experimental manipulation of the ID gives rise to large 
and systematic changes in movement organization: End effector's movement is fully 
continuous when ID is low, while it is the concatenation of fully discrete (sub)units 
when task difficulty is high. From a mechanical point of view, ‘fully discrete’ implies full 
rest at the extrema (i.e., no residual energy: zero acceleration and zero velocity at 
peak position), when ‘fully continuous’ implies no rest at the extrema (i.e., total 
balance between kinetic and potential energy: peak acceleration and zero velocity 
at peak position). 
Detailed analyses and modelling of end effector kinematics when ID is experimentally 
raised revealed that the observed changes in movement organisation are well 
captured with a hybrid limit cycle oscillator, in which parametric changes in damping 
and stiffness account for the changes in kinematics. In this context, end effector's 
motion is the result of a balance between informational constraints (dominant when 
ID is high) and embodiment into physics and biology, with its energetic counterpart 
(dominant when ID is low). This modelling suggests a common substructure for 
continuous and discrete movements, where a continuous oscillation progressively 
changes towards a concatenation of discrete units under the pressure of 
informational constraints. 

Towards an appropriate analysis of the dynamics of human 
movement 

Anke M van Mourik 1*, Andreas Daffertshofer 2, Peter J Beek 2 

1Department of Radiation Oncology, the Netherlands Cancer Institute/Antoni van 
Leeuwenhoek Hospital, Amsterdam, the Netherlands, 2Research Institute MOVE, 
Faculty of Human Movement Sciences, VU University Amsterdam, the Netherlands; 
*Email: a.v.mourik@nki.nl 

In seeking fundamental understanding of human motor behaviour, the relationship 
between discrete and cyclical movements has become a primary focus of interest. 
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Theoretical accounts of this relationship diverge into ‘two primitives’ and ‘common 
basis’ theories. In the former, discrete and cyclical movements are viewed as distinct 
classes of movement, whereas the latter assume that discrete and cyclical 
movements share a common basis. Analyses with various simplified dynamical systems 
have yielded evidence in favour of both types of theories, thus creating an impasse. 
Therefore, a different approach is required. 
From the recognition that human movement constitutes a stochastic dynamical 
system displaying local as well as global adjustments to task constraints, an 
appropriate analysis is suggested that does justice to the comprehensive character of 
the data. Essentially, the proposed analysis estimates drift and diffusion coefficients of 
the Fokker-Planck equation from inherently noisy data. In other words, deterministic 
and stochastic behaviours are extracted from the data as a function of location in 
phase space. Subsequently, these components can be analysed further to gain 
insight into global and local properties of the dynamics underlying the behaviour. For 
example, the drift coefficient can be visualised as a vector field and allows 
determination of flow properties. By applying this method, the dynamics of different 
tasks can be compared extensively and without imposing specific model constructs. 
The expediency of the method for kinematic data has been evidenced in the analysis 
of various instances of cyclical movement tasks. In addition to confirmation of 
previous findings, unique interactions between flow strength and curvature as well as 
specific local changes in the dynamics were revealed in response to variations in task 
constraints. Such unbiased and detailed comparison of the dynamics of discrete and 
cyclical movements could yield valuable information on the differences or similarities 
in the underlying control structures. More specifically, the interactions between 
dynamical properties (e.g., flow strength, curvature) as a consequence of task 
constraint variations might (not) differ for discrete and cyclical movements. 
Identification of such differences or similarities could then yield evidence in favour of a 
‘two primitives’ or a ‘common basis’ motor control account. 
Keywords 
motor behaviour, dynamics, data analysis, Fokker-Planck 

Distinct mechanisms underwrite human timing 

Raoul Huys 
Theoretical Neuroscience Group, UMR 6152 Mouvement & Perception, CNRS & 
Université de la Méditerranée, Marseille, France; Email : HUYS@laps.univ-mrs.fr 

An increasing body of literature suggests that discrete and rhythmic movements 
constitute different movement ‘primitives’ – the building blocks of human motor 
behavior, that are irreducible to each other. But are they? This question is of crucial 
importance because just as these building blocks constrain the construction of motor 
behavior, their identification provides the foundation upon which motor control 
theories can be firmly constructed. 
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Recently, Jirsa & Kelso (2005) proposed a model construct (they referred to as 
‘excitator’ as it belongs to the class of excitable systems) that, dependent on the 
parameters, may generate discrete and rhythmic movements. When prepared in the 
‘discrete’ régime, a movement will be executed only due to an external input, while in 
the limit cycle régime the system is autonomous (i.e., requires no external input). That 
is, movement generation comes about through distinct mechanism in both régimes. 
Departing from this perspective, we examined human timing through computational 
analyses and an experiment involving human participants. For the computational 
analyses, we examined the behavior of an ‘excitator’ when prepared in the ‘discrete’ 
régime as well as in the limit cycle régime under a wide range of parameters, 
including movement frequency. Using a variety of measures, we showed that when 
prepared in the limit cycle régime, the system could comply with all imposed timing 
requirements (i.e., frequencies). In contrast, when prepared in the discrete régime the 
system was able to comply with the temporal constraints only at low frequencies (due 
to interference effects). In other words, movement generation that depends on an 
external stimulus can only be operative in a limited range of task constraints. 
In the experiment, participants ‘tapped’ their index finger at auditory-paced 
increasing and decreasing frequencies under various instructions. Comparison of the 
human and computational data indicated that movements at low frequencies were 
generated in a discrete fashion (except when instructed to move ‘as smooth as 
possible)’, while at higher frequencies the participants switch to rhythmic behavior. 
Furthermore, we found a hysteresis effect: the switch from discrete to rhythmic 
behavior occurred at a lower frequency when movement rate was increased than 
when it was decreased. The implications of these findings are two-fold: First, discrete 
and rhythmic movements constitute two distinct classes (an externally driven and 
autonomous system, respectively). Second, the discrete system is operational only in a 
limited range of temporal constraints.  

10. Horse-rider interaction 
Convenor: C Peham 
University of Veterinary Medicine Vienna, Austria; Email: christian.peham@vu-
wien.ac.at 

Like many complex biological systems, the coupled horse-rider system can be more 
or less coordinated, a phenomenon commonly described by equestrians, who will feel 
that the harmony achieved with a horse varies depending on both participating 
individuals. 
Less is known about the influence of teaching to the motion pattern of horse and 
rider. This question will be discussed by the presentation of Ulm et al. (Comparison of 
learning approaches in horse dressage riding) and Dvorakova et al. (The 
measurement of pressure forces created by the contact of a rider's body on the 
horse's back during hippotherapy). 
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Crucial in the communication between horse and rider is the saddle, in particular the 
type and the fit of the saddle. This question will be tackled by Witte et al. (Motion 
pattern analysis of gait in equitation by means of Karhunen-Loève transform) and 
Hofmann et al. (Evaluation of pressure distribution under a fitting and a too wide 
saddle with different saddle pads). The influence of the rider via reins to the horse is a 
very important question not only in dressage competions. An answer to this question 
will be given by Weishaupt et al. (Effect of head and neck position on temporal and 
force parameters in the unridden and ridden horse at the trot). 
This Minisymposium will provide very important insights into the behavior of a complex 
coupled system, the horse rider interaction. 

Comparison of learning approaches in horse dressage riding 

MC Ulm 1; Th. Licka 2; C Peham 2; WI Schöllhorn 1  
1University of Münster/Germany, 2Veterinary University Vienna/Austria; Email: 
schoell@uni-muenster.de  

Traditionally, in horse dressage riding riders are taught to copy a person’s 
independent ideal position on the horse by means of many repetitions and error 
corrections. The recognition of individual riding patterns of horses as well as individual 
interactions between riders and horses (Schöllhorn et al., 2006a) suggest a more 
individual and less person independent teaching approach. An alternative approach 
in human sports is suggested with the differential learning approach that is mainly 
characterized by adding random components to the to-be-learned posture or 
movement without repetitions and without error correction (Schöllhorn et al., 2006b). 
The underlying idea is to scan a possible potential landscape with noisy exercises in 
order to improve the ability to adapt to new situations. Results from previous 
experiments show superiority of this approach in comparison to classical approaches. 
Consequences of this approach on two noisy systems (athlete and horse) are 
unknown. In this study we compare the traditional with the differential approach with 
respect to the quality of riders’ performances in horse dressage riding. 
Twenty-four participants engaged in four weeks of training with nine 45-minute lessons 
and were evaluated in a performance intervention program that consisted of pre-
/post-test experimental interventions. All participants were recreational riders (age = 
20−34; 2 male; 22 female) on an advanced level. The ‘traditional’ group was trained 
by a member of the Spanish Riding School, Vienna. He instructed the riders classically, 
which includes feedback and numerous repetitions of the to-be-learned target 
movements. The ‘differential training’ group practiced the skills with high variability 
added to the target skills according to the differencial learning approach. In the tests, 
participants were required to ride a dressage test. Internationally experienced 
German dressage judges evaluated the dressage performances from randomised 
video recordings. Their rating focused on the rider’s seat. Normal distribution of the 
data was tested with a Kolmogorov-Smirnov test. We compared the dressage scores 
of the pre-test and post-test of each group with Student T-Test in order to evaluate the 
relative merits of both types of training programs.  
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The results showed that neither of the two groups was able to improve their 
performance within the training period significantly. Whether this result is dependent 
on the level of the riders or on the duration of the intervention needs further research. 
On the other side adding variability to performance task constraints causes the same 
effect as traditional training in the case of issue. The increased variations did not 
obstruct the learning process.  
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The measurement of pressure forces created by the contact of a 
rider's body on the horse's back during hippotherapy 

Dvorakova T 1, Peham C 2, Janura M 1 
1Palacky University, Department of Biomechanics and Engineering Cybernetics, 
Faculty of Physical Culture, Olomouc, Czech Republic, 2University of Veterinary 
Medicine, Movement Science Group, Vienna, Austria; Email: christian.peham@vu-
wien.ac.at 

One of the most important tasks of a therapist practicing hippotherapy is to induce ‘a 
movement dialogue’ between the horse and the client. It takes some time until the 
client adapts to the movement of the horse. The appropriate movement pattern of 
the client is built over time. As soon as this happens, we can say that the therapy has a 
neurophysiological effect. 
The aim of our study was to describe how the increasing experience of the rider 
changes the cyclic pressure distribution between the rider and the horse. For 
measurements the pressure measuring pad (Pliance System, Novel) was used directly 
on the horse's back. We measured a group of five healthy subjects (age, body mass) 
without earlier riding experience (in a healthy subject we assume normal motor 
abilities, without the bias of any health deficiency) at the first and the sixth sessions of 
hippotherapy at the walk. In each session the physiotherapist assisted from behind 
and corrected the posture of each subject. 
The cycle of pressure distribution in hippotherapy has similar characteristics as the 
pressures occuring during athletic horse riding. In the first measurement the range of 
total power is between 568 and 406N, the maximal pressure varies from 1.31 to 1.84 
Nm- 2 and minimum from 0.38 to 0.44 Nm- 2. Six hippotherapy sessions later, the results 
of the second measurement were the range of total power between 639 and 453N, 
the maximal pressure from 1.59 to 2.1 Nm- 2 and minimum from 0.41 to 0.49 Nm- 2. 
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The effect of six sessions of training was an increase in forces on the horse’s back, 
which we assume is due to increased contact between horse and rider as the 
excitement and stress of the new situation and movement activity recedes. 

Motion pattern analysis of gait in equitation by means of Karhunen-
Loève transform 

K Witte 1, H Schobesberger 2, C Peham 2 
1Department of Sports Science, Otto-von-Guericke-University Magdeburg, Germany, 
2Clinic of Orthopaedics in Ungulates, University of Veterinary Medicine Vienna, Wien, 
Austria; Email: christian.peham@vu-wien.ac.at 

The aim of this paper was to study the movement coordination between horse and 
rider at the three natural gaits: walk, trot and canter. Of particular interest was the 
influence of saddle type on movement behaviour. Low-dimensional principal 
component analysis, a valuable tool to describe the complex dynamics of two 
interacting organisms, was used to identify the major dynamic constituents of the 
three natural gaits. With this method it could be shown that trot is characterized by 
only one major component. Additional phase plane analyses made transparent a 
potential influence of the saddle type on movement coordination for the majority of 
horses. 
Keywords 
Kinematic analysis, horse, treadmill, Karhunen-Loève transform, principal component 
analysis 

Evaluation of pressure distribution under a fitting and a too wide 
saddle with different saddle pads 

A Hofmann, A Baltacis, H Schobesberger, C Peham 
Movement Science Group, Department V, Clinic of Orthopaedics in Ungulates, 
University of Veterinary Medicine, Vienna, Austria; Email: christian.peham@vu-
wien.ac.at 

Reasons for performing study 
Saddle pads are used for many different reasons in riding. Information about the 
effect of saddle pads on the fitting of a too wide saddle is currently lacking. 
Hypothesis 
Saddle pads can adapt the fitting of a saddle with too wide saddletree. 
Methods 
18 sound horses were ridden by the same rider on the treadmill at walk and trot. The 
horses were wearing a dressage saddle with a too wide saddletree and four different 
saddle pads (leather, reindeer-fur, gel, sponge rubber). The movements of horse and 
rider were documented by a high-speed video system using reflective markers. For 
collecting the kinetic data a pressure measuring saddle pad was used. The maximum 



Symposia 

 68 

overall force (MOF) was calculated. In a second study with the same structure we 
compared the MOF of the too wide saddle with a saddle with fitting saddle-tree. MOF 
was tested with a general linear model with repeated measurements (SPSS). 
Results 
Fitting saddle: There are signficant changes in MOF in walk (reindeer-fur 826 N +/- 229, 
without pad 1000 N +/- 178) and trot (reindeer-fur 1437N+/-301, without pad 1650N+/-
251) and pressure distribution. 
Reindeer-fur decreases the load on the back significantly. 
Too wide saddle: In walk and trot were no signifcant differnces between the use of 
pads and saddle without pad in MOF The pads had no influence on the pressure 
distribution compared to riding without pad.  
Conclusions and potential relevance  
A saddle reduces the load of the horse’s back using a well fitting saddle, but a wide 
saddle can not be fitted by use of a saddle pad. A saddle pad can never really 
remedy the negative effects of an ill-fitting saddle. 

Effect of head and neck position on temporal and force parameters 
in the unridden and ridden horse at the trot 

Weishaupt MA 1, von Peinen K 1, Johnston C 2, Roepstorff L 2, van 
Weeren R 3, Meyer H 4, Wiestner T 1 

1Equine Hospital, University of Zurich, 8057 Zurich, Switzerland; 2Department of 
Veterinary Anatomy and Physiology, Swedish University of Agricultural Sciences, 750 07 
Uppsala, Sweden; 3Department of Equine Sciences, Utrecht University, 3584 CM, 
Utrecht, the Netherlands; 4 52146 Würselen, Germany; Email: 
mweishaupt@vetclinics.unizh.ch 

The influence of head-neck position (H) on the load distribution between fore- and 
hindlimbs and the additional effect of the rider lack objective assessment. It is 
commonly believed that the higher the H, the more load is shifted to the rear. 
Materials and Methods 
Vertical ground reaction force and time parameters of each limb were measured in 7 
high level dressage horses while trotting on an instrumented treadmill in 6 
predetermined Hs: H1–free; H2–elevated neck, head in front of the vertical; H3–
elevated neck, head behind the vertical; H4–rolled up; H5–extremely high neck; H6–
low neck, extended head. The experiment was conducted both with and without the 
horses’ experienced riders and judged by a qualified dressage judge. In the unridden 
situation the different Hs were achieved using side-reins. Hs were assessed by 
comparing the data to a velocity matched reference H: H1 in the unridden, H2 in the 
ridden situation. Differences were tested using paired t-test (p < 0.05). 
Results 
In the unridden condition stride duration (SD) remained unchanged. Relative stance 
duration (StDrel) of the forelimbs was shortened and relative suspension duration 
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(SpDrel) prolonged in H2, H3 and H5. No changes in the distribution of vertical impulse 
(Iz) between fore- and hindlimbs were observed. However, peak vertical forces (Fzpeak) 
in the forelimbs increased in H5 but were reduced in H6. 
In the ridden condition SD increased in H4 and H5. Forelimb StDrel increased in H1 but 
decreased in H5. Inversely, SpDrel was shortened in H1 but prolonged in H5. Diagonal Iz 
shifted to the forelimbs in H1 but to the rear in H5. In contrast, forelimb Fzpeak 
decreased in H1 but increased significantly in H5. 
Conclusions 
In the unridden horse changes in H mainly affected the forelimb timing. In the ridden 
horse H5 had the biggest impact on limb timing and load distribution and behaved 
inversely to H1. Shortening of forelimb StDrel in H5 increased Fzpeak although diagonal Iz 
was redistributed to the hindlimb. 

11. Goal−directed actions: From function 
to movement 
Convenors: Blandine Bril 1 and Gilles Dietrich 2 
1Ecole des Hautes Etudes en Sciences Sociales, Paris, France ; 2Université Paris-Sud, 
Paris, France; Email: blandine.bril@ehess.fr 

Most analyses of movement consider motor coordination with minimal concern for 
the goal of the action, the purpose of these studies being to propose general 
mechanisms for movement or postural control, regardless of the functionality of the 
task at hand.  
In this symposium we suggest that a privileged way of appraising the characteristics of 
the abilities involved in goal-directed actions lies at the functional level. This implies 
that we focus on how the action is processed, and more precisely, on how the 
functional characteristics of the task are generated. Such a view considers not only 
the organism, but also the interaction between the organism and the environment. 
Working on the functional level of action requires that we find ways to measure this 
interaction, and in particular, the variations of interaction depending on local 
conditions. 
Departing not from a general principle but from task constrains, we propose an 
analysis of real world tasks such as hammering, violin playing, interaction in fighting 
and resting postures. We suggest that any action producing a movement should be 
considered as a mechanical interaction with the external world. In terms of 
macroscopic physics, interactions are regarded as forces. In goal-directed 
movement, which is the physical output of action, producing the right amount of 
force by controlling energy is considered as the control parameter.  
Therefore the produced kinematics is considered as an emerging property of the 
interaction between the task (and its constraints) and the organism.  
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Real-life tasks offer ideal situations to analyse functional movements that may reach 
levels of dexterity that take years of learning (Erickson & Lehman, 1996); a condition 
impossible to generate in laboratory studies. Laboratory tasks benefit analytic studies 
minimising variability, and possible strategies, looking for ‘average’ behaviour. The 
environment during the experiments in the physiological laboratories is usually far from 
natural conditions and the movement is artificially constrained: gravity is frequently 
expelled; some of the degrees of freedom are unnaturally fixed, resulting in singular 
situation making it strenuous to understand how the organism search for and choose 
context-relevant categories of movement, which is one of the main focus of 
Bernstein's physiology of activity (Bongaardt, Pickenhain, & Meijer: 2000).  
Through the five studies presented in this symposium we suggest that working on the 
functional aspect of natural everyday tasks appears as a privilege entry to the 
understanding of motor behaviour and its variations.  
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How do experts exploit the redundant degrees of freedom of the arm 
to achieve the functionality of the task? The case of stone knappers 
in India 

Lena Biryukova 1, Blandine Bril 2 
1Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of 
Sciences, Butlerov str., 5A, 117845, Moscow, 2Groupe de recherche Apprentissage et 
Contexte, EHESS, Paris, Email: birds@orc.ru 

In this talk we present an analysis of stone knapping experts, standing for the 
‘ultimate’ stage of learning (six of them participated in the study), in order to highlight 
the relationship between the achievement of the functional goal of the movement 
and the way it is executed. In other words we analyze how they exploit the redundant 
number of degrees of freedom (DoF) of the upper arm to achieve the functionality of 
the task. Two task variables, especially decisive for detaching a correct flake are 
taken for the description of stroke functional output: direction of the stroke and the 
amount of kinetic energy transferred to the stone at time of contact. The coordination 
in joint angles of the arm (kinematic synergies) is considered to describe the execution 
of the stroke. 
Movement recordings were made in the natural environment of the craftsmen, i.e., 
directly in the workshop (Roux, Bril, Dietrich, 1995). Our goal was to catch the 
peculiarities of high-level motor skill without imposing artificial constraints. A Spatial 
Tracking System (STS-Polhemus) was utilised to record the arm segment movements. 
The seven degrees of freedom of the hammering arm are considered (Birykova et al., 
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2000). The structure of multijoint coordination was studied through three main types of 
analysis, joint configuration, joint angle contribution and joint compensation.  
The main result related to the craftsmen joint coordination idiosyncrasy. Each 
craftsman used the joint space in a specific way. For example, while all of them used 
the flexion-extension of the wrist, only three of them used the adduction of the wrist, 
two others used the pronation of the elbow. Among the multitude of possible joint 
configurations, each expert built up a favored one, with the exception of one of 
them, the most expert, who presented important variation of joint configurations. As 
for joint configuration, joint angle contributions varied strongly between individuals, 
except for the wrist flexion/extension which contributed the most to the movement for 
all of the craftsmen. 
However, the observed variability was not stochastic: there existed a mutual 
compensation of joint contributions which were most pronounced at the highest level 
of mastery of skill. While it is difficult to understand the reason of these different 
alternatives, all of these strategies are compatible with a functional trajectory of the 
hammer and adequate production of kinetic energy.  
We may conclude that contrary to what is often stated, variability is one dimension of 
the signature of expertise. 
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Adapting the movement to the properties of the tool: the case of 
hammering in chimpanzees 

Blandine Bril 1, Gilles Dietrich 2, Julie Foucart, Satoshi Hirata 3  
1Groupe de Recherche Apprentissage et Contexte, Ecole des Hautes Etudes en 
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Perception, Université Paris-Sud, France ; 3Hayashibara Great Apes Research Institute - 
GARI, Okayama – Japan; Email: blandine.bril@ehess.fr 

Since the classic Köhler experiment (1925), where the chimpanzee Sultan was 
presented with a banana out of reach and two sticks, neither of which was long 
enough to reach the banana, ape tool use has been the focus of many studies. 
Indeed, most studies on apes' cognitive-motor skills devoted to ape tool use 
concentrate on mental operations, and more precisely on the conceptual and 
cause-and-effect understanding of the functionally relevant properties of the physical 
and mechanical world with almost no references to how the action is rooted in 
posture and movement (Povinelli, 2000).  



Symposia 

 72 

The present study focuses on what is often considered as the most complex tool use 
behaviour observed in non−human species, nut cracking, because it implies to 
operate two tools at once –hammer and anvil. Nut cracking is defined as a task which 
consists in delivering a blow to a nut, in such a way that the shell cracks open leaving 
the kernel intact.  
To reach this goal, the chimpanzee must produce the right amount of kinetic energy 
that will be transferred to the nut in order to produce an adequate deformation of the 
shell so that it breaks. Mechanically speaking, success depends on the value of the 
impulse, which in turn depends on the momentum delivered at the time of contact. 
The momentum of the hammer is defined as the product of the mass of the hammer 
(m) and its velocity (v). Subsequently, the functional efficacy depends on the kinetic 
energy produced. Therefore, the kinetic energy will be considered as the main 
parameter to be controlled. 
In order to assess this ability, five chimpanzees (Pan troglodytes verus) from the 
Hayashibara Great Apes Research Institute who currently practice nut cracking, had 
to crack open macadamia nuts with hammers of different weights.  
A two-camera video-based system was used in order to reconstruct 3-D movement.  
The results show that, while the weight of the hammer changes the dynamics of the 
arm-hammer system, the chimpanzees do adapt their hammering movements in such 
a way to reach their goal. Depending on the hammer weight, they modify the 
amplitude of their movement (longer trajectory of the hand movement for light 
hammer) and the velocity of the hammer at time of contact (the velocity being 
significantly smaller for the heavier hammer).  
We may conclude that, as for humans, chimpanzees do modulate their movements 
according to the task constraints in such a way as to satisfy the functional properties 
of the task. 
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Looking for ‘search variability’: the case of a highly skilled bowing 
technique in violin playing 
Rémi Goasdoué 1, 2, Gilles Dietrich 3,  
1EA 4071 éducation et Apprentissage, Université Paris 5-René Descartes; 2Groupe de 
Recherche Apprentissage et Contexte, EHESS Paris ; 3UPRES EA 4042 Contrôle Moteur 
et Perception, Université Paris-Sud, France ; Email: remi.goasdoue@univ-paris5.fr  

Whatever the level of expertise, variability is an intrinsic component of motor 
behavior. First viewed as a lack of control, studies on highly expert craftsmen (Roux, 
Bril, & Dietrich, 1995) or music players (Winold, Thelen, & Ulrich, 1994) describe 
variability as a component of expert flexibility.  
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The main purpose of this exploratory study is to assess the role of variability in an expert 
motor behavior, violin playing. Although recent publications show an increased 
interest invariability studies, very few describe variability as way of exploration. 
Bernsteins work on labor as well as pianist’s behavior points out the role of variability in 
the construction of movement. He hypothesized that variability may be decomposed 
in two components: stochastic and search variability. Experimental studies of 
explorations in the construction of coordination (Newell, Kugler, van Emmerik, & 
McDonald, 1989) describe exploration strategies, but do not deal with the question of 
variability. One reason of this absence may be that these studies involve non-
functional movements; the movement to be learned is a pattern of coordination while 
in everyday life, movement coordination necessarily achieves a specific goal.  
The exploratory study presented here is an attempt, to evaluate the role of variability 
in adaptation to instrument properties in a highly skilled behavior, the ‘sautillé’, also 
called bouncing bow (small jumps of the bow on the string by small bowing 
movements). This specific violin technique is a unique opportunity to study the 
relationships between variability and exploration. First, the variability observed in this 
bowing technique cannot be assimilated to a lack of control, because this archetype 
of virtuoso gesture can only be produced by highly skilled violin players. Second, the 
‘sautillé’ is familiar to musicians, and can be physically defined by a specific ratio 
between bowing movement amplitude and frequency. Third, this movement is highly 
dependent on the mechanical properties of the bow. Finally, the adaptation to 
variations in task’s constraints constitute the core of the situation as the violinist is 
continuously facing variations in the physical properties of the bow-string interaction 
Indeed, the musical context continuously impose variation on string stiffness due to 
string changes (i.e., G string to D string) and to changes of position of the fingers on 
the string.  
This exploratory study is based on the principle of perturbation, introduced by the 
musical demand and variation in mechanical properties of the bow. Sequences of 
stabilization, perturbation, re-stabilization are recorded simultaneously by an 
electromagnetic tracker (bowing arm) and two high speed video camera (bow 
movements), an audio recording is added to describe more precisely the relationships 
between sound and movements. Due to the exploratory dimension of this study only 
case studies will be presented.  
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Squatting: a specific postural system 

Lena Ferrufino 1, Blandine Bril 1, Gilles Dietrich 2 

1Groupe de Recherche Apprentissage et Contexte, EHESS, Paris, France, 2UPRES EA 
4042 Contrôle Moteur et Perception, Université Paris-Sud, France, Email: 
lena.ferrufino@ehess.fr 

The squatting posture characterised by a hyperflexion of the joints of the lower limbs, 
is utilized as a resting position or a working posture. As such it provides both postural 
relaxation and postural stability. Although squatting is widely used among mankind 
(Boulle, 1998), this postural habit seems to have been of little interest for scientists, and 
interestingly is almost non-existent in human postural control investigations (Bril & 
Ferrufino, 2005).  
In the present study we hypothesise that the choice of such a posture is based on the 
minimisation of energy expenditure. We propose a comparative study of standing 
and squatting, based on a statistical-biomechanics approach. 
Six adults participated in the experiment. The displacement of the center of presure 
(CoP) was recorded in 4 experimental conditions (unloaded or loaded with varying 
weight) while they where either squatting or standing on a force plateform (Satel).  
A statistical method for analysing CoP trajectories known as stabilogram diffusion 
analysis was employed. This analysis generates a stabilogram diffusion function that 
summarizes the mean square CoP displacement as a function of the time interval 
between CoP comparisons (Collins & De Luca, 1995). In addition, classical postural 
parameters were computed (length and velocity of CoP displacement, surface). 
The results show statistical differences between standing and squatting for all the 
parameters. Contrary to standing (Collins & De Luca, 1995) squatting appeared to be 
a posture without almost no presence of diffusion behaviour. In squatting and for all 
participants, we observed a clearly and significant reduction on the values of all 
diffusion parameters (range 1:10). These results evoke a different postural control 
system for squatting and standing. 
If, following Peterka (2000), the body is assimilated to a single-link inverted pendulum, 
its geometrical configuration (position of the CoM, one degree of freedom system) 
allows for a minimal active control to regulate the squatting body system. We suggest 
that such kind of postural behaviour allows for a diminution of both mechanical and 
muscular energy expenditure when compared with upright stance (Dietrich et al., 
2002). 
Due to our cultural habits, research on human postural control has been often 
restricted to the standing position. However, Hewes (Hewes, 1995) suggested that 
squatting, as well as standing, sitting and recumbent postures are all part of the 
human postural repertoire. Then, further investigations on squatting posture appear to 
be complementary and necessary to a better understanding of mechanism 
underlying postural stability and its control mechanisms. 
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Interpersonal distance modeling: The case of fighting activities 
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In humans, the distance variations observed between individuals seem to depend on 
different factors, such as being part of a culture, the character of the subject 
(dominant/dominated), his or her size, the psychological state and even the 
environment in which he or she finds him or herself (Hall et al. 2005). In this condition, 
the perception of space cannot be considered to be a static parameter but rather a 
dynamic variable related to action, environment and the relationship with others. This 
‘dynamic distance’ could be also observed in a case of interpersonal interactions or 
oppositions between two subjects. Recent studies have investigated interpersonal 
relationships in activities like fencing (Dietrich et al. 2005), walking, (Ducouran et al. 
2005). However, this last study by Ducourant et al., 2005 clearly shows that 
coordination requires that subjects follow instructions (e.g., to maintain the initial inter-
subject linear distance). Thus, the question arises of whether the modeling of an 
actual fighting situation elaborated on the basis of two non-linear coupled oscillators 
could explain the interpersonal interaction, and not only coordination induced by an 
experimental situation. 
The aim of this study was to investigate the control mechanisms of this multi-factorial 
distance in the case of an interaction or opposition task using a modeling and 
simulation methodology. This approach suggests that an ‘a priori’ model could be 
proposed and experimental data should validate or invalidate such model. This ‘a 
priori’ model summarizes our hypothesis, and its main advantage is that these 
hypotheses can be described in terms of equations. When two (or more) subjects 
interact, we hypothesize that an ‘interacting’ distance is built up and controlled 
during an initial phase, called the preparation phase, and is more or less maintained 
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during an observation or coupling phase. In the real world, the coupling phase 
cannot be maintained during the entire time. So, we need to add a last phase, called 
the de-coupling phase. During this last phase, distance interaction will be broken. This 
distance is in fact an ‘instantaneous distance’ depending on the subjects’ 
displacements and actions but also on the subject’s internal emotional state or 
sociological status as previously described. This last phase will be compared to real 
data. 
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12. Constraints on interlimb coordination 
 Convenors: Lieke Peper 1 and Richard Carson 2 

1VU University, Amsterdam, the Netherlands 2Queen’s University, Belfast, Northern 
Ireland; Email: c_e_peper@fbw.vu.nl  

The coordination of movement is founded upon a system of constraints of musculo-
skeletal and neural origin. Some of these constraints are easily discerned, such as the 
restriction that certain joints function only as simple hinges. Other constraints find 
expression in terms of more abstract relations. For example, in a test of dexterity with 
which we are all familiar: rubbing your stomach and patting your head at the same 
time, each movement element is quite easy to perform. It is the simultaneous 
execution of these spatially disparate actions that compromises our powers of 
coordination (if it seems easy at first, try swapping the role assigned to each hand). 
Even though these latter constraints may initially appear notional, they too have their 
origin in the structure and organisation of the neuromuscular-skeletal system. Although 
there is widespread recognition that the relative salience of the various sources of 
constraint varies in a task-dependent fashion, and that a single factor account of the 
phenomenology is unlikely to prevail, the origins of the constraints that govern 
interlimb coordination in particular remain a topic of intense debate.  
The present symposium will showcase the endeavours of four research groups that 
have as a common objective the elucidation of constraints on interlimb coordination. 
The presentations will serve to emphasise that our understanding of this issue is 
enriched not only by the consideration of multiple theoretical perspectives, but also 
through the application of a variety of complementary research methodologies.  
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Synchronisation of hand-foot coupled movements does not need 
interlimb feedback interactions 

Fausto G Baldissera, Roberto Esposti 
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fausto.baldissera@unimi.it 

It has been prospected that synchrony of coupled limb oscillations may be controlled 
by mutual kinaesthetic feedback between the limbs [1, 5, 3]. Recent analysis of 
agonist-antagonist alternation in different mechanical contexts [2] led to hypothesise 
that oscillatory movements of each limb may be controlled by a neural mechanism 
that compares the intended position (encoded by a ‘central command’) with the 
actual position (encoded by the kinaesthetic afferences) and corrects for position 
errors. By this ‘private’ position controller, each limb may continuously adjust the 
movement to the central motor command, overcoming the mechanical 
contingencies. Through this mechanism, synchrony of coupled movements may be 
accomplished by independent linkage of each limb to a common clock signal, 
without need of an interlimb afferent feedback.  
To test this hypothesis, subjects were asked to rhythmically oscillate their hand (prone) 
and foot on the parasagittal plane, either alone or together (iso- and antidirectionally 
coupled), taking care of carefully synchronising the oscillation peaks to the 
metronome. Movement position error was expressed as the phase-lag between the 
metronome beat (intended oscillation peak) and the actual oscillation peak. 
Oscillations were performed at different frequencies (0.4-3.0Hz), in unloaded 
conditions and after inertial loading of either extremity. Wrist and ankle angular 
position and EMG from the respective flexors and extensors were recorded. 
With the limbs uncoupled and unloaded, the peak of both the hand and foot 
oscillations maintained a slight constant phase-delay with respect to the metronome 
over all frequencies (mean: hand 13.2°; foot -4.7°). This constancy was obtained by 
phase-advancing, at each frequency increment, the EMG activation with respect to 
the clock by the amount necessary to compensate for the simultaneous increase of 
the EMG-movement phase-lag, caused by limb mechanical impedance. 
If the EMG-movement phase-lag was further increased by loading the moving limb, 
the phase-advance of EMG activation, albeit increased, became insufficient for a 
complete compensation and the movement progressively phase-lagged the 
metronome.  
When limb oscillations were iso- or antidirectionally coupled, either in loaded or 
unloaded condition, all delays remained unchanged with respect to values measured 
when each limb was moved separately, showing that the synchrony control of either 
limb was uninfluenced by the simultaneous movement of the other limb. Thus, during 
both iso- and antidirectional hand-foot oscillations, each limb seems synchronised to a 
common clocking process [4] by a ‘private’ position control, with no need for a 
crossed feedback interaction between limbs.  
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Teasing apart sources of interlimb interactions 
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We summarize several studies relating different sources of interlimb interaction to the 
stability characteristics of bimanual isofrequency coordination – in particular the 
common finding that only two patterns can be performed stably without training, the 
one (in-phase) more so than the other (antiphase). Four hypothetical sources of 
interaction were distinguished (see Table 1), differing with regard to (1) their 
dependence on movement-elicited afference and (2) their intentional nature (i.e., 
whether coordination between the limbs is intended or not). 
Our experiments indicated that the (differential) stability of in-phase and antiphase 
coordination is largely attributable to an integrated timing process underlying the 
open-loop control of bimanual patterns (I), although notable contributions of afferent 
feedback were observed as well. Corrections of perceived errors in relative phase 
between the limbs (II) were more prominent for in-phase than for antiphase 
coordination in kinesthetic tracking tasks, but appeared to contribute little to the 
stability of normal bimanual coordination. EMG-analysis suggested that I and II are 
closely related in the sense that the open-loop control signal provides the reference 
for the error correction process. Phase entrainment by contralateral afference (III) 
resulted in a similar (i.e., not significantly different) degree of attraction to the in-phase 
and antiphase pattern, thereby enhancing their stability relative to other phase 
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relations. The reflex-like nature of this interaction was underscored by its unintentional 
character, its dependence on the amplitude of the movement of the contralateral 
limb (i.e., on the strength of the afferent signals), and the absence of effects of hand 
dominance. Finally, neural crosstalk (IV) was revealed by unintended mirror activity of 
the muscles of the contralateral arm. This crosstalk resulted in in-phase activity, 
thereby enhancing the stability of in-phase coordination and destabilizing antiphase. 
The here accomplished identification of the relative contribution of four sources of 
interlimb interaction to coordinative stability aids the interpretation of 
neurophysiological and neuroimaging studies of bimanual coordination, thereby 
narrowing the gap between behavioral stability characteristics and the underlying 
neurophysiological processes. 

Table 1. Sources of interlimb interaction underlying rhythmic bimanual coordination. 
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Different strategies in coping with amplitude versus directional 
interference during bimanual movements 

Nicole Wenderoth, Filiep Debaere, Stephan P Swinnen 
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Interlimb interference emerges when the limbs have to perform two incompatible 
actions at the same time. For bimanual movements, several behavioral and cognitive 
principles have been identified which constrain action compatibility and, thus, either 
diminish or improve bimanual coordination. For example, it was shown repeatedly 
that moving both hands along different directions or with different amplitudes gives 
rise to spatial interference, such that the trajectory of one hand become biased 
towards the other. On the brain level, directional interference leads to an increased 
activation of particular brain regions which control very specific aspects of 

  
Source of interlimb interaction 

Afference-
dependent 

 
Intentional 

I Integrated timing of the open-loop bimanual 
control signals 

No Yes 

II Corrections in timing based on perceived errors 
of the relative phase 

Yes Yes 

III Phase-entrainment by afference, induced by 
movement of the contralateral arm 

Yes No 

IV Neural crosstalk No No 
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sensorimotor transformations. This poses the question whether bimanual movements 
along incompatible amplitudes as compared to bimanual movements along 
incompatible directions rely on similar control strategies as reflected by differential 
brain activation patterns.  
To answer this question, we applied functional magnetic resonance imaging (fMRI) 
while subjects performed cyclical, bimanual joystick movements with either the same 
vs. different amplitudes, along the same versus different directions, or both. The 
kinematic analysis confirmed that subjects experienced amplitude interference when 
they moved with different as compared to the same amplitude and directional 
interference when they moved along different as compared to the same direction. 
On the brain level, amplitude and directional interference both resulted in activation 
of a bilateral superior parietal-premotor network, which is known to contribute to 
sensorimotor transformations during goal-directed movements. Interestingly, 
amplitude but not directional interference exclusively activated a bilateral network 
containing the dorsolateral prefrontal cortex, anterior cingulate, and supramarginal 
gyrus. This network was shown previously to contribute to cognitive control and more 
specifically executive functions. It is likely that these areas are not concerned with 
encoding amplitude per se, but are activated due to the specific requirements of our 
bimanual interference task. 
In general, our data indicate that even though the encoding of amplitude and 
directional information converge at one point and activate the same neural substrate 
(here, superior parietal-dorsal premotor areas), additional independent mechanisms 
are involved in the context of interlimb interference tasks. This finding suggests that 
subjects might employ a cognitive strategy to overcome amplitude interference but 
not to overcome directional interference.  
Keywords 
bimanual control, spatial interference, sensorimotor transformation, brain activation, 
functional imaging 

Optimal control theory predicts task-dependency of bimanual 
feedback control and feedforward adaptation during reaching 
movements  

Jörn Diedrichsen  
School of Psychology, University of Wales, Bangor, Adeilad Brigantia, Gwynedd LL57 
2AS, United Kingdom, Telephone: +44 1248 383768, Email: j.diedrichsen@bangor.ac.uk, 
web: http://www.bangor.ac.uk/~pss412 

Interactions between the two hands depend strongly on goals of movements [1]. 
Here we show that optimal control theory [2] can quantitatively predict this task-
dependency. We compare interactions between the hands during bimanual 
reaching movements under two conditions: In the two-cursor condition, the two 
hands reach simultaneously for two targets in space. Visual feedback about the 
location of the hands is provided independently. During the one-cursor condition, a 
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single cursor is presented at the average spatial position of the two hands. The task 
goal here is to move this cursor to one single spatial target.  
Whereas the average movements of each hand is comparable across conditions, 
optimal control theory predicts that the coordination of feedback control should differ 
between conditions. Specifically, the ‘minimal intervention principle’ predicts that in 
the one-cursor condition, both hands should react strongly to physical perturbations of 
one hand, whereas no such crosstalk should be found in the two-cursor condition. We 
tested this prediction by applying a dynamic force field during bimanual reaching 
movements to one hand, and found, as predicted, that in the one-cursor condition 
both hands corrected for the perturbation of one hand. This bimanual correction did 
not depend on visual feedback of the cursor: it was equally strong when visual 
feedback was withdrawn during the movement. Thus, coordinated feedback control 
is partly based on an internal model of the common end-effector. The changed 
feedback control was also visible in unperturbed movements: Whereas the reach 
directions of the two hands were uncorrelated in the two-cursor condition, a strong 
negative correlation was found in the one-cursor condition, with and without visual 
feedback. This correlation emerged late in the movement, consistent with a source in 
coordinative feedback control. Finally, adaptation of feedforward commands to a 
consistently presented force field also depended strongly on the task goal. In the two-
cursor condition adaptation was independent for each hand. However, in the one-
cursor condition both hands changed their feedforward commands, despite the fact 
that the force field was only applied only to one hand. This demonstrates that 
adaptation occurred to a common feedforward movement plan for both hands.  
References 
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control of the two hands during bimanual reaching. Eur J Neurosci, 19, 1643-1652. 
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13. Clinical coordination dynamics 
Convenors: Claudine Lamoth 1 and Jaap Harlaar 2 
1VU University, Amsterdam, the Netherlands, 2VU Medical Centre, Amsterdam, the 
Netherlands; Email: c.lamoth@fbw.vu.nl 

Sway regularity depends on the amount of attention invested in 
postural control: findings from patients recovering from stroke 

Melvyn Roerdink, Mirjam de Haart, Andreas Daffertshofer, Stella F 
Donker, Alexander CH Geurts, Peter J Beek 
Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands, Telephone: +31-(0)20-5988516, Fax: +31-(0)20-5988529, 
Email: m.roerdink@fbw.vu.nl  

In a recent study, De Haart et al. (2004) investigated the recovery of balance in stroke 
patients using traditional analyses of center-of-pressure (COP) trajectories to assess the 
effects of health status, rehabilitation, and task manipulations like standing with eyes 
open or closed and standing while performing a cognitive dual task. To unravel the 
underlying control processes, we reanalyzed those data in terms of stochastic 
dynamics using more advanced analyses (Roerdink et al. 2006). Dimensionality, local 
stability, regularity, and scaling behavior of COP trajectories were determined and 
compared with shuffled and phase-randomized surrogate data. The presence of 
long-range correlations discarded the possibility that the COP trajectories were purely 
random. Compared to the healthy controls, the COP trajectories of the stroke patients 
were characterized by increased dimensionality and decreased local stability, but 
greater regularity in the frontal plane. These findings were taken to imply that the 
stroke patients actively (i.e., cognitively) coped with the stroke-induced impairment of 
posture by recruiting additional control processes (i.e., more degrees of freedom) 
and/or by tightening the present control structure while releasing non-essential 
degrees of freedom from postural control. In the course of rehabilitation, 
dimensionality stayed fairly constant, whereas local stability increased and regularity 
decreased. The progressively less regular COP trajectories were interpreted to reflect a 
reduction of cognitive involvement in postural control as recovery from stroke 
progressed. Consistent with this interpretation, the dual task condition resulted in less 
regular COP trajectories of greater dimensionality, reflecting a task-related decrease 
of active, cognitive contributions to postural control. This relation between COP 
regularity and the amount of attention invested in postural control was recently 
replicated in young healthy adults (Donker et al., under review). In conclusion, by 
combining findings gathered from a complementary set of dynamics-related analyses 
under various task conditions and its recovery during rehabilitation after stroke, we 
could make readily interpretable inferences about the underlying postural control and 
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changes therein. In comparison with conventional posturography, our results show a 
clear surplus value of dynamical measures in studying postural control. By means of 
such dynamical measures we are currently evaluating whether stroke patients 
actively control posture with their non-paretic leg. 
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Intra-limb coordination during gait in children with CP 

Desloovere, Kaat 1, 2, Molenaers, Guy 2, 3, De Cat, Jos 1 
1. Department of rehabilitation sciences, 2. Clinical Motion Analysis Laboratory of the 
University Hospital Pellenberg, 3. Department of Paediatric Orthopedics, KuLeuven, 
Belgium; Email: Kaat.desloovere@uz.kuleuven.ac.be 

This study aimed to compare the intra-limb coordination of children with CP to age-
related normal controls, and to evaluate the tendency of children with CP to move in 
synergistic patterns during gait.  
60 children with CP (30 diplegic, 30 hemiplegic), as well as 30 aged-related normal 
children, were included into the study. The CP children were 3 to 8 years of age and 
walked independently, not influenced by previous interventions (except for regular 
physiotherapy). All children received full 3D gait analysis. Only lower limb sagittal 
kinematic data were analysed in this study, for 3 separate trials per subject. The data-
analysis was twofold: (1) the analysis of joint motion and (2) the analysis of segmental 
orientations. 
In the first analysis, angular velocity was used to define the temporal sequencing of 
joint movements during transitional phases of the gait cycle (GC) (i.e., timing of 
changing from flexion to extension motion or vice versa), for hip, knee and ankle. Joint 
movements were then considered to be synchronized (in-phase condition) when two 
joints were flexed or extended together (1). The second analysis was based on the 
orientation of the segments. The intra-limb coordination was evaluated by studying 
the segmental elevation angles and angular velocities, resulting in phase portraits 
(plot of segment orientation versus velocity). Subsequently, the segmental orientations 
and velocities were used to calculate the continuous relative phase (CRP), 
representing the phasing relationship between the actions of two interacting. The 
CRPs were averaged across trials and the mean absolute values (MARP) of the 
ensemble CRP curves were calculated for the full GC All comparisons between 
patients and controls, as well as between diagnoses, were performed using t-statistics. 
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From the results it could be concluded that children with CP presented with a more in-
phase intra-limb coordination. However, these in-phase patterns were not caused by 
primitive motor patterns, characterized by simultaneous onset of joint motions. The 
results suggest that the locomotor system uses a mechanism of freezing-out the 
degrees of freedom in response to constraints caused by the neurological pathology, 
both, by coupling between multiple segments and joints, as well as by fixation of 
individual joints. 

Identifying pathological gait patterns using principal component 
analysis 

Claudine JC Lamoth, Andreas Daffertshofer, Onno G Meijer, Wolbert 
van der Hoorn, Jaap van Dieën, Peter J Beek 
Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands; Telephone: +31-(0)205988522; Fax: +31-(0)20-5988529; 
Email: c_lamoth@fbw.vu.nl 

Human walking is a stable but flexible activity that alters dynamically to 
accommodate environmental and behavioral demands. Walking velocity, step 
length, and step frequency may be seen as proper indicators of walking ability. 
However, the coordination between body segments in terms of specific phase and 
frequency relations and the variability thereof is critical for flexible and stable gait. 
Pathological gait is often hampered by changes in intersegmental coordination, 
which may interfere with successful and efficient adaptations to environmental 
changes and undermine functional walking (Lamoth et. al., 2006). The here presented 
research aims for a better understanding of how gait coordination is affected in 
chronic low back pain (LBP) patients and how its stable and adaptive features 
compare to those observed in healthy walking.  
We present a rigorous discrimination of gait patterns produced by twelve LBP subjects 
versus twelve healthy subjects. Whole-body movements during treadmill walking were 
recorded using a 3D movement registration system. Segments of the head, trunk, 
pelvis, limbs, and feet we assessed by cluster of three markers each. Subjects walking 
velocities ranged from 0.6 km/h to a maximum of 6.2 km/h. Principal component 
analysis (PCA) was applied to detect co-varying movement time-dependent angles 
of the limbs, thorax, and pelvis segments in the frontal, sagittal and transverse plane 
(Daffertshofer et. al., 2004). Principal components (PC) were analyzed in terms of both 
their compositions (which segments/directions contributed to the modes) and their 
time-course (cross-spectral distribution, coherence, phase average and phase 
variability).  
In healthy subjects four PC’s reflected the pendulum-like character of the segments’ 
motion at distinctively different frequencies. The analysis revealed that the essential 
dynamical features covered by the first four modes clearly differed between the two 
groups: LBP subjects and healthy controls. The amount of variance covered by the first 
two PCs was increased in LBP subjects ( ± 73% vs. ± 56 % in healthy subjects). The 
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presence of the first higher harmonics (double frequency) diminished as could be 
pinpointed in the corresponding PC’s projections. Changes in frequency and phase 
couplings were not restricted to thorax and pelvis oscillation but were present at 
various segments in the body. The findings indicate that patients with LBP tighten their 
gait control by reducing the number of degrees of freedom to deal with. 
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Sensitivity of an inertial motion analyse tool for clinical gait 
evaluation. 

Senden R 1, 2, Geurts G 1, Meijer K 2, Heyligers IC 1, Grimm B 1 
1Atrium Medical Center, Dept Orthopaedics & Traumatology, Heerlen, the 
Netherlands, 2University Maastricht, Dept Movement Science, Maastricht, the 
Netherlands; Email: Rachel.Senden@BWunimaas.nl  

Introduction 
To clinically diagnose and postoperatively monitor the younger and more demanding 
patients (‘millennium patient’) it becomes increasingly important to measure function 
beyond the classic scores. This study investigates whether a cheap, easy to use, 
ambulant accelerometer based gait analysis system is able to  differentiate between 
functional limitations associated with common orthopaedic pathologies. 
Methods 
Gait was measured in 33 healthy subjects aged 16-55 years old using a tri-axial 
accelerometer (Dynaport-Minimod) attached to the sacrum while the subjects 
walked a 20m distance. Subjects walked 6 times under 4 conditions: normal, with 
limited knee flexion, limited knee extension and both (arthrodesis). These orthopaedic 
pathologies were simulated using adjustable knee braces on the right leg. The 
Minimod produces more than 120 output parameters, but only the output parameters 
identified as the most relevant for orthopaedic patients were selected to investigate 
the sensitivity of the Dynaport Minimod. Changes in movement parameters with 
simulations were statistically evaluated using repeated measurements ANOVA (p < 
0.05). 
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Results 
The simulated conditions 
induced acute changes in the 
subjects.  In all conditions, the 
asymmetry, irregularity and step 
time increased, while the step 
length, -frequency and speed 
reduced. During flexion 
limitation and arthrodesis, all 
movement parameters 
changed significantly. In 
contrast the changes in step 
length and vertical 
displacement did not change 
significantly for the extension 
limitation condition (table 1).  
Discussion 
The results indicate that a tri-
axial accelerometer is sensitive 
enough to differentiate healthy 

gait from pathological gait observed in orthopaedic patients. The degree in which the 
movement parameters was affected increased with the severity of the knee limitation. 
By using accelerometers relative small but clinically relevant differences in gait pattern 
can be detected. For example the decrease in step length (6cm) is difficult to detect 
visually but is responsible for a slower walking speed, which can be a limiting factor for 
activities of daily life. Moreover the application of  accelerometery gives insight in the 
compensation mechanism applied to adapt to the functional limitation. Flexion 
limitation and arthrodesis was compensated by an increase in step time of the non-
affected leg (left), while extension limitation was compensated by longer step times of 
the affected limb. This study has shown that a tri-axial accelerometer produces 
clinically relevant output parameters which could be used to monitor the functional 
changes in individual patients leading to or following orthopaedic interventions such 
as joint arthroplasty.  
Keywords 
accelerometer, sensitivity. 

Degree of seriousness 1 2 3 
  Normal F E A 
Step length (m) 0.81 0.78 0.74* 0.74* 
Frequency (Hz) 1.95 1.88* 1.81* 1.83* 
Vert. displ (cm) 4.90 5.00 5.80* 6.10* 
Speed (m/s) 1.58 1.39* 1.35* 1.36* 
Number of steps 21.26 23.56* 23.43* 23.64* 
Step Time (s) 0.51 0.53* 0.55* 0.55* 
Step time L (s) 0.52 0.53* 0.59* 0.59* 
Step timeR (s) 0.51 0.53* 0.52* 0.52* 
Asymmetry  3.80 5.20* 11.20* 12.90* 
Irregularity L  0.013 0.018* 0.023* 0.023* 
Irregularity R  0.013 0.015* 0.018* 0.018* 
Table 1: Mean values for normal walking, flexion (F) and 
extension (E) limitation and arthrodesis (A). *significant 
change with regard to normal. 
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Rhythmic instruction and motor learning 

Regine Angert, Julia Zeppenfeld, Andreas Bund, and Josef Wiemeyer 
Institute of Sport Science, Darmstadt University of Technology, Telephone: +49-(0)6151-
165461, Fax: +49-(0)6151-163661, Email: angert@sport.tu-darmstadt.de 

The purpose of this study is to investigate the effectiveness of rhythmic teaching 
methods and the changes of internal representations as well as their interactions 
during motor learning. Previously, these aspects have only been studied separately. A 
sequence of dancing movements constituted the learning task. We investigated the 
effects of verbal cues (VC) (Landin, 1994) on motor performance and internal 
representations during initial learning. With reference to Magill and Schoenfelder-Zohdi 
(1996) we assumed that the effects of VC on performance and cognitive 
representations depend on the mode of instruction (model instruction (MI)/ verbal 
instruction (VI)). 
Based on pretest results, 80 participants were randomly assigned to one of four 
experimental groups: MI-plus-VC, MI-only, VI-plus-VC, VI-only. Practice trials were 
video taped and analysed for structural/ adaptive movement form and movement 
timing. Internal representations were acquired by a computer-aided selection test 
(CAST) which was provided instruction-related as picture selection test (CA-P-ST) or 
text selection test (CA-T-ST).  
The acquisition phase consisted of two sessions with an interval of one week. The 
retention test was performed one day later. The acquisition phase was structured as 
follows: instruction phase – CAST – 5 practice trials (PT) without KR Subjects performed 
this sequence three times per session. The retention test started with the instruction-
related CAST followed by 3 PTs. Finally the participants had to complete the other 
CAST  
The analysis yielded no significant group differences regarding structural/adaptive 
movement form. The performance of all groups improved significantly during the 
experiment (F(3, 218) 1 = 116.261, p < 0.001). Analysis of the movement timing revealed a 
significant improvement of all groups (F(2, 104) 1 = 19.898, p < 0.001), a significant effect 
of the mode of instruction in favor of MI (F(1, 52) = 25.345, p < 0.001), and a significant 
interaction effect of time of measurement x mode of instruction (F(2, 104) 1 = 19.898, p < 
0.001). Internal representation data yielded significant improvements of all groups (F(4, 

318) 1 = 47.629, p < 0.001), a significant effect of the mode of instruction in favor of VI 
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(F(1,76) = 42.355, p < 0.001) and a significant interaction of time of measurement and 
mode of instruction (F(4, 318) 1 47.629, p < 0.001). 
The presented results do not confirm our assumption. Verbal cues did not result in 
differential effects for either performance or internal representations. The differential 
effect of the mode of instruction on the development of performance and internal 
representations is remarkable.  
Notes 
 1ε-corrected 
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The ambivalence of self-controlled (motor) learning: A model-
guided psychological analysis 

Andreas Bund 
Institute of Sport Sciences, University of Darmstadt, Telephone: +49-(0)6151-166884, Fax: 
+49-(0)6151-163661, Email: abund@sport.tu-darmstadt.de  

Self-controlled learning (SCL) is a relative new topic in the field of motor learning and 
simply means that the learner has control over (at least) one aspect of the learning 
situation. Results of studies who typically compared a group of self-controlled learners 
to a yoked group of externally controlled lear-ners, show that self-control, in fact, 
enhances the effectiveness of motor learning. Thus, there is some ‘self-control effect’ 
(Bund & Wiemeyer, 2005). However, this effect consistently occurs delayed: While both 
groups show similar performance during acquisition, the self-control group 
outperforms the externally controlled group in the retention test. To explain this delay 
of the self-control effect, a model was developed which contrast the cognitive and 
motivational processes of self-controlled lear-ning and externally controlled learning. 
The basic assumptions of this model are: 
1. Self-control learners have to organize their learning process by themselves. 

Therefore, their cogni-tive load is higher than the cognitive load of the externally 
controlled (yoked) learners. 

2. Self-controlled learners are more intrinsically motivated than externally controlled 
(yoked) learners. This compensates the cognitive disadvantage and leads to 
similar acquisition scores of both groups. 

3. In the retention test, self-controlled learners benefit from their individual learning 
during the acqui-sition phase and outperform their externally controlled 
counterparts. 

The present study was conducted to evaluate the model.  
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Participants: 48 students, 32 men and 16 women (M = 23.5 years), participated in this 
study. None of them had previous experience with the task, and all were naive as to 
the purpose of the experiment. 
Task and dependent variables: The learning task was to throw a standard tennis ball to 
a 1x1m-target with the nondominant hand. Throwing form and throwing accuracy 
were the dependent measures. 
Experimental groups and procedure: Participants were randomly assigned to one of 
four experimental groups: 1. Self-control (SC), 2. Yoked (YO), 3. Self-control + Training 
(SC+T), 4. Yoked + Training (YO+T). Participants of the SC groups determined 
autonomously the frequency of augmented feed-back. Prior to the experiment, 
subjects in the SC+T group took part in a special training with the ob-jective to reduce 
the cognitive load during self-controlled learning. Both SC groups were paired with 
yoked groups. All participants completed two acquisition sessions (each with 100 
throws), seperated by an 1-day-interval and were then given a no-treatment retention 
test (20 throws) 4 days later. 
According to the model, the SC+T group should outperform the yoked groups not only 
in the retention test but also (already) in the acquisition phase. Throwing accuracy: A 
2 (control of learning) x 2 (trai-ning) x 20 (blocks of 10 trials) indicate that all groups 
enhanced their throwing accuracy during acqui-sition, F(19,836) = 4.36, p < 0.05, η 2 = 
0.06. However, the effects of control of learning, F(1,44) < 1, and training, F(1,44) < 1, 
were not significant. Analysis of retention data yielded a significant effect of con-trol, 
F(1,44) = 5.37, p < 0.05, η 2 = 0.08, with the SC groups showing more accurate throws 
than the YO groups. The effect of training was not significant, F(1,44) < 1. Throwing 
form: All groups improved clearly their throwing form during acquisition, F(19,836) = 
17.26, p < 0.001, η 2 = 0.21. Again, the main effects were not signifikant, both F(1,44) < 
1. Across retention, the form scores of all groups were simi-lar, i.e., the effects of 
control and training were not significant, both, F(1,44) < 1. Due to the fact that the SC 
groups were (partly) superior to the YO groups in the retention test, the results of this 
study verify prior research. However, the SC+T group did not show better acquisition 
performance than the other groups, which is contradictory to our model. Possible 
reasons are discussed in the presentation.  
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Action as cognition and the status of psychology as a natural 
science 

Franz Mechsner 
School of Psychology & Sport Science, Northumbria University, Newcastle upon Tyne, 
UK; Email: franz.mechsner@unn.ac.uk 

I propose a modelling framework in which motor action could be understood as 
perceptual-cognitive. Physical muscle activity is part of a neuro-environmental loop 
which is not addressed as such for control. Control is done via anticipatory reference 
structures that are able to set higher order attractors that enslave the physical 
network. I will argue that performing in the space of these higher order attractors is 
exactly what perceptual-cognitive activity is about, thus psychology is the science of 
these attractors. I will argue that psychological science has arguably a special status 
in separation from biology similar to biology has a special status in separation from 
physics. (There is a hierarchy of physics, biology and psychology, which are defined 
each by characteristic fundamental concepts, not reducible on each other, but 
connected by emergence relationships.)  

The influence of stress and muscle fatigue on implicitly and explicitly 
learned motor skills 

Pieter Tijtgat 1, Isabel Tallir 1, Eliane Musch 1, Martin Valcke 2, Markus 
Raab 3, Matthieu Lenoir 1 

1Department of Movement and Sports Sciences, Faculty of Medicine and Health 
Sciences, Ghent University, Watersportlaan 2, B-9000 Ghent, Belgium; 2Department of 
Teaching Sciences, Faculty of Psychology and Educational Sciences, Ghent University, 
H Dunantlaan 2, B-9000 Ghent, Belgium; 3Institute for Movement Sciences and Sport, 
University of Flensburg, D-24943 Flensburg, Germany, Telephone: +32-(0)92649137, Fax: 
+32-(0)92646448, Email: pieter.tijtgat@ugent.be  

According to Beek (2000), disturbing causes at the upper level of action (i.e., stress) 
and at the lower level of control (i.e., muscular fatigue) might result in different effects 
on performance when comparing implicit and explicit learning. In the present 
experiment an errorless/errorfull learning paradigm was used to enable the 
implicit/explicit acquisition of a dart throwing skill. After a pretest, the errorfull group (N 
= 23) throwed from a progressively decreasing distance (from 317 to 257 cm), while 
the inverse procedure was used for the errorless group (N = 21) (from 157 to 217 cm). 
One week after the four-day learning period (400 trials) both groups performed a 
transfer test, a fatigue test and a stress test (all from 237 cm). The fatigue test was 
preceded by a double Wingate protocol on an arm ergometer. At the beginning of 
the stress test participants were told they could win a significant financial reward in 
case of a good performance. Retrospective self-report of nervousness was 
administered under stressed and unstressed conditions. Hitting accuracy of the 
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errorfull group improved from M = 5.38 (maximum = 15) in the first learning block to M = 
7.71 in the final learning block, while the errorless group evolved from M = 9.67 to M = 
8.71, which is typical for an errorless/errorfull learning paradigm. In comparison to the 
scores at the pretest both groups performed equally (performance increase of 35%) 
at the transfer test. Performance of both groups decreased at the fatigue test, but this 
decrease was much less in the explicit group (5%, ns) as compared to the implicit 
group (20%, p < 0.001). Stress manipulation resulted in an increase of self-reported 
nervousness (35%, p < 0.001) and a decrease in performance (5%, p < 0.05) compared 
to the transfer test. However, stress did not have a differential impact on performance 
in both groups. Our results of the fatigue test confirmed the hypothesis of robustness of 
explicit motor learning to physiological fatigue, meaning that success depends on the 
person’s ability to circumvent the (temporary) impairment induced by muscular 
fatigue, and thus develop alternative strategies based upon explicit knowledge. The 
contradiction with the findings of Poolton et al. (2005) may be due to task specificity, 
which calls for further research on this topic. Our results of the stress test do not show 
the superiority of implicit or explicit learning when performing under stress. 
References 
Beek, PJ (2000). Toward a theory of implicit learning in the perceptual motor domain. 
International Journal of Sport Psychology, 31, 547-554 
Masters, RSW (1992). Knowledge, knerves and know-how: The role of explicit versus 
implicit knowledge in the breakdown of a complex motor skill under pressure. British 
Journal of Psychology, 83, 343-358 
Poolton, JM, Masters, RSW, Maxwell, JP (2005). Implicit motor learning confers 
robustness to physiological fatigue. Oral presentation at the ISSP 11th World Congress 
of Sport Psychology, 2005 Sydney, Australia 

Shift, shuffle, and shrink: Three components of performance 
improvement in a throwing task 

Rajal G Cohen 1, Dagmar Sternad 2 
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The literature on skill learning includes numerous demonstrations that improvements in 
accuracy correlate with decreases in stochastic variability (noise) over repeated 
movement executions. Müller and Sternad's (2003, 2004) TNC analysis of performance 
of tasks with multiple solutions reveals two additional components of performance 
error that are conceptually and quantitatively distinct from the noise in performance: 
tolerance captures the sensitivity of the chosen set of variables to errors, and 
covariation describes the relation between essential variables such that invariance in 
the result is achieved. 
The present study examined performance in a throwing task to test how changes in 
tolerance, noise, and covariation contribute to improvement during the fine-tuning 
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stage of performance. In a virtual set-up, subjects threw a pendular projectile to hit a 
target. The movement was experimentally constrained such that only two variables, 
angle and velocity of ball release, fully determined the projectile's trajectory and 
thereby the accuracy of the throw. Thus, the task had redundant degrees of freedom 
and a nonlinear solution manifold. Subjects performed 3 blocks of 60 throws per day 
for 6 days. Performance improved rapidly during the first day of practice, followed by 
slower changes over the remaining 5 days. Decomposing the error with the TNC 
method revealed that the first and largest contribution to learning was made by 
changes in tolerance, followed by changes covariation, with the reduction in noise 
contributing the least. 

Session 2 
Chair: Jeroen Smeets 

Prehension of an object placed at a large distance 

Raoul M Bongers 1, Frank TJM Zaal 1, M Jeannerod 2 
1Center for Human Movement Sciences, University of Groningen, PO Box 196, NL-9700 
AD Groningen, the Netherlands; 2Institute for Cognitive Science, boulevard Pinel, 
69675 Bron cedex, France, Telephone: +31(0)503638867, Fax: +31(0)503633150, Email: 
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To pick up an object, the transport of the hand to the object needs to be 
coordinated with the shaping of the fingers around the object (Jeannerod, 1981). 
Most recent proposals of how reaching and grasping are coordinated take the 
closing of the fingers as the aspect of prehension that is controlled. Although several 
ways to do this have been proposed (for an overview see Zaal & Bootsma, 2004), all 
these proposals are based on experiments were the object is relatively close to the 
starting position of the fingers. This may mean that the total time for opening and 
closing the hand is so short that it cannot be determined whether the needed closure 
time determines what time is left for opening the hand (cf. Hoff & Arbib, 1993), or 
perhaps the other way around. The current study aimed to reveal the coordination 
between reaching and grasping when there is ample time for finger opening and 
closure by placing the to-be-picked object at a large distance. 
Participants picked up a cylindrical object (3, 5, or 7 cm) that could be positioned at 
one of four distances (30, 60, 90, or 120 cm) from the starting location of the fingers. 
The movements were made in either the sagittal or the frontal plane of the body. The 
dependent variables were computed from the kinematics of the thumb and finger—
measured with an Optotrak system. The most informative dependent variables were 
the closure time of the hand, the time that was spent with the hand opened at at 
least 90% of peak aperture (THOPA)—indicating whether hand opening had a 
plateau phase, and the time difference between the first time that the hand opening 
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has stopped and the beginning of hand closing (THOHC)—indicating whether hand 
opening was adjusted long before hand closure was started. 
The results showed that hand closure time was invariant over object distance. When 
objects were positioned farther away, the hand opening showed a plateau phase; 
THOPA was larger for larger movement distances. Moreover, the analyses on THOHC 
showed that at larger object distances the hand opening was adjusted longer before 
the onset of closure.  
To conclude, reaching distance does not affect the closure time of the hand but 
hand opening is adjusted to coordinate the reach and grasp by keeping the hand 
open at a plateau phase and by modulating the hand opening long before the onset 
of hand closure. 
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Recalibration of arm movement planning 
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Planning of a goal-directed arm movement is a complicated task for our brain. As a 
result, movement planning is often not accurate (van Beers et al. 2004). Online 
corrections are generally made during the course of a movement to reduce 
movement errors (Woodworth 1899). Here we examined how movement errors are 
used to recalibrate planning of future movements. 
Subjects made, in two conditions, many arm movements to visual targets without any 
visual feedback about their performance. When they made many movements to the 
same target in a row, the endpoints of the first movements differed from those of later 
ones. This was not observed when movements to different targets followed each other 
randomly. Our interpretation is that subjects recalibrated their movement planning in 
the first condition based on proprioceptive feedback. This was not possible in the 
second condition because the next movement was to a different target. 
To examine the recalibration process in more detail, we looked in a second 
experiment how it depends on visual feedback about movement errors. We found 
that both with and without visual endpoint feedback, movement planning is 
recalibrated in the first few movements. There was however an important difference 
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between these conditions. Whereas the endpoints of consecutive movements were 
uncorrelated in the presence of visual feedback, they were positively correlated 
without such feedback. We identified the mechanism of movement planning 
recalibration by applying time series analysis techniques to the sequences of 
endpoints. This analysis showed that in both conditions the corrections were made 
relative to the previous endpoint, not relative to the aim position. With visual 
feedback, subjects corrected completely for the error made in the previous 
movement, whereas they corrected only partially without visual feedback. An analysis 
of the expected mean squared error, given the consequences of motor noise and the 
uncertainty in the error signal, showed that recalibration is near-optimal both in the 
absence and presence of visual feedback. 
We conclude that movement errors are used to recalibrate movement planning. 
Corrections are made relative to the previous endpoint, not the previous aim position. 
This suggests that a copy of the previous motor command, including the noise, is 
available. The size of the correction depends on the reliability of the error signal. Such 
calibration is near-optimal in the sense that it minimizes the expected movement error.  
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Signal-dependent and -independent noise in precision aiming 
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The minimum-variance theory proposes that the speed-accuracy trade-off in aiming 
movements emerges as a consequence of signal-dependent noise (SDN) that limits 
information transmission capacity [1]. During a fast and precise aiming movement, the 
motor command and its associated SDN must be scaled to the required terminal 
accuracy, with the result that movement time (MT) linearly increases with task 
difficulty, as predicted by Fitts’ law [2].Localized muscular fatigue has been found to 
increase MT and to disturb electromyographic (EMG) patterns, even in a simple one 
degree of freedom pointing task [3]. However, it is unclear how muscular fatigue 
affects signal-dependent noise (SDN) and motor output variability. 
The present study investigated the effect of local muscular fatigue on the speed-
accuracy trade-off in rapid aiming elbow movements. Subjects performed fast elbow 
flexions and extensions aimed at a target, before and after intermittent isometric 
fatiguing flexions and extensions. Three target sizes were randomly presented, with 
index of difficulty of 3.6, 4.6, and 6.6. Movements were partitioned into their initial 
impulse and error correction phases using Meyers’ et al. algorithm [4]. 
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The fatiguing protocol induced a significant loss in maximal available force (extension 
torque: -33 ± 9.5%; flexion torque: -28 ± 9.4%). For all EMG or kinematics dependant 
variables, no significant interaction between fatigue and accuracy was observed, 
revealing that the links between accuracy and movement organisation were similar 
after muscular fatigue. After fatigue, average MT was longer, with both longer initial 
impulse and error correction phases, but the slope of Fitts’ law was unchanged. 
Fatigue also resulted in an increase in inter-trial EMG variability whereas the mean 
activity of agonists and antagonists was unchanged, which reveals a decrease in the 
signal to noise ratio of the EMG The increase of the fatigue-induced neuromotor 
variability was independent of the size of the motor command. 
We conclude that muscular fatigue does not influence humans information capacity 
(i.e., Fitts’ Law), but that MT increase after fatigue is the result of an increase in signal-
independent noise and a decrease in available maximal force. 
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Objective 
At present, there is an ongoing debate about the effects of visual illusions on the 
planning and control of discrete grasping actions. Glover (2004) proposed the 
planning-control model, which posits action planning to be affected by context 
dependent visual information (e.g., a visual illusion) whereas on line control is not. In 
the present study the effect of a visual illusion on the planning of a complex, 
sequential, object manipulation task was investigated. We expected that participants 
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would switch between different grip postures, in order to end the movement with a 
comfortable end posture. Following Glover (2004), we hypothesized that the visual 
illusion would affect the ‘switchpoint’, that is, the specific bar orientation at which 
participants switch into a different grip.  
Methods 
Participants (n = 13) had to grasp a bar embedded in a ‘rod-and-frame’ illusion and 
place the bar in a tight fitting box in a pre-instructed way as fast as possible. 
Independent variables were bar orientation and frame rotation. Planning was 
measured via registration of reaction time and grip type used to grasp the bar. 
Results 
In line with our expectation, we found that the visual illusion affected the grip posture 
choice. In particular, the location of the ‘switchpoint’ was affected by the orientation 
of the surrounding frame. An unexpected finding was that participants used different 
strategies to complete the task. While most participants (n = 10) always used grip 
types that resulted in a comfortable end posture, a minority of the participants always 
used the same start posture and did not end in a comfortable posture.  
Conclusion 
Our results suggest that visual context affects action planning when critical spatial 
characteristics of the target are manipulated. This study is the first in showing this effect 
in a sequential object manipulation task. 'The use of different strategies suggests that 
some participants may have sacrificed accuracy (i.e., the use of a comfortable end 
posture) for speed. 
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Prehension is really reaching and grasping 
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What is being controlled in the act of picking up things (prehension)? We show that 
prehension should be understood as coordinated reaching (bringing the hand to the 
target) and grasping (opening and closing the hand) rather than the individually 
controlled movements of the contributing digits (e.g., the thumb and index finger). 
Perturbing the targeted location of one digit affected the way the other digit moved 
to its (unperturbed) target location. 
In this study we contrasted two opposing views on prehension. Traditionally, it has 
been assumed that prehension should be understood as the act of coordinated 
reaching and grasping (Jeannerod, 1981, 1984). But could it be the case that what is 
really controlled in prehension is simply the trajectories of the individual digits that do 
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the grasping (Smeets & Brenner, 1999, 2001)? We tested this so-called ‘double-
pointing hypothesis’ by having people pick up, with their thumb and index finger, an 
oblong target object of which quickly after movement onset the left and right side 
surfaces could slide in and out independently (much like a matchbox). 
If the double-pointing hypothesis were true, changing the targeted end position of 
one of the digits, at the moment the reaching started, should only affect the way that 
specific digit moves to its final position. This is not what we found. When we inspected 
the kinematics of both digits at the moment of their peak deceleration, we found that 
sliding out the surface to which the thumb was heading had an effect on both digits’ 
kinematics. The same was true when the index-finger side surface was slid in, whereas 
sliding out the index-finger surface only had an effect on that index finger. 
This is the first study providing evidence that the Smeets and Brenner hypothesis does 
not hold. Rejecting prehension being pointing and pointing, no longer prevents us 
from thinking about prehension as being functionally organized in a reaching and a 
grasping component.  
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The somatosensory, visual and vestibular system play part in balance control. 
Mechanoreceptors situated at the plantar side of the feet, provide the central 
nervous system (CNS) with information concerning changes in pressure and shear 
stresses under the feet. In patients with neuropathy, this information is not conducted 
to the CNS adequately, resulting in postural instability and an increased risk for falling. 
Appliances to the ankle or foot may improve stability (Hijmans, in press).  
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A new technique that seems to improve somatosensory feedback, is the application 
of mechanical noise (random vibrations) to the plantar surface of the feet. This 
subthreshold noise signal seems to enhance tactile sensation referring to pressure 
changes under the feet, and may increase postural stability. The mechanism by which 
signal detection is improved due to noise is called stochastic resonance (Priplata 
2003, 2006).  
Fifteen patients (age 40-60) with neuropathy due to diabetes were included. These 
patients were asked to stand on a pair of vibrating insoles that were positioned on a 
force plate. The insoles consisted of a cork sole covered with a thin leather layer and 
had built-in three piezoelectric elements (PE) with a 35 mm diameter, providing the 
vibration to the feet. The total thickness of the insoles was 6 mm. While the subjects 
were standing on the insoles, the perception threshold for the vibration, the minimal 
amplitude that could be felt by the subject, was determined. Following, vibration 
amplitude was set on 90% of the tactile threshold (so the vibration was not 
perceptible). When the threshold could not be reached, the maximum amplitude was 
chosen.  
Participants were measured in four conditions (1: eyes open (EO) no dual task (NDT) 2: 
eyes closed (EC) NDT 3: EO dual task (DT) 4: EC DT). Throughout each trial of 60 s the 
vibrating insoles were turned on either during the first or the second half. Outcome 
measures were path length of the centre of pressure (CoP) displacements and the 
root mean square (RMS) of the anteroposterior and mediolateral velocity of the CoP  
Only during the condition with eyes closed and a dual task, differences were found in 
CoP displacements and mediolateral RMS between the vibration-on condition and 
the vibration-off condition.  
During difficult balance tasks, insoles with built-in vibrating PE seem to improve 
balance in patients with a decreased somatosensation. The effects in this study seem 
to be less pronounced compared to earlier research (Priplata 2003, 2006). Potentially 
a different input signal to the PE can contribute to improvement of the effects. 
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A neuromusculoskeletal model of spinal reflexes during posture 
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During posture control tasks, feedback from muscle afferents allows humans to 
compensate for unpredictable mechanical disturbances acting on the body. 
Recently, an identification method was presented to accurately describe the human 
controller with a small set of parameters that characterize the spinal feedback loop, 
called reflex gains [5]. These reflex gains represent the amount of positional, velocity 
and force feedback from muscle afferents present in the control action. These 
methods have shown that humans adapt their reflexive settings, depending on task 
instruction [1] and mechanical properties of the haptic manipulator they interact with 
[3].  
Although these reflex gains are well-suited for describing the human control system 
from a control engineering perspective, they have only limited meaning in terms of 
physiology. The goal of this study is to link measured reflex gains to their underlying 
neural, sensory and muscular mechanisms in the central nervous system. 
A biologically realistic neuromusculoskeletal model was built, where an antagonistic 
pair of muscles actuates a limb, while being controlled by a model of the spinal cord 
circuitry [4]. The spinal cord circuitry is provided with input from muscle afferents 
(muscle spindles and Golgi tendon organs) and tonic descending input. The neural 
network model comprises 2298 spiking neurons in 6 populations, i.e., motoneurons, 
Renshaw cells, group Ia, group Ib, excitatory and inhibitory interneurons. The neural 
properties and synaptic weights were taken from literature [2]. No training was 
performed on the synaptic weights. To mimic the in vivo experiments on humans, the 
endpoint of the limb is disturbed with force perturbations. The same identification 
techniques as used with the in vivo experiments were used on the simulated 
experiments, to obtain the reflex gains describing the human control system. 
A sensitivity analysis was performed on the neuronal model, determining the influence 
of all individual neural, sensory and synaptic parameters on the resulting reflex gains. 
Amongst the more predictable results are the strong effects that motoneuron 
properties, co-contraction, Ia afferent velocity feedback and Ib afferent force 
feedback have on motor behavior. More interesting is that the effect of group II 
afferent input on motor output was marginal in these simulations and that co-
contraction, besides the viscoelastic properties, also strongly affects the reflex gains, 
by bringing the motoneurons in a more input-sensitive state. The method presented 
here will be used for further investigation of the inner workings of the human motor 
control system, and its effect on limb dynamics as experimentally measured. 
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Recently, the practice of fall techniques has been introduced in short-term fall 
prevention exercise programs for the elderly [1]. However, it is not clear yet whether 
such training would enable people to apply these techniques during a real-life fall. In 
order to provide more insight into this issue, it would be helpful to know how much 
time it takes to initiate and to successfully execute such techniques. In addition, it 
would also be important to know whether these techniques can be performed in a 
correct manner, without having extensive experience in martial arts. The aim of this 
study was to investigate the neuromuscular control of voluntary fall techniques in 
inexperienced as well as in experienced fallers.  
Participants were 14 young women (age 21-35 years), of whom 5 were seasoned ( > 
19 years of experience) judokas. The remaining 9 participants (non-judokas) were 
administered a 30-minutes training session in martial arts (MA) fall techniques. 
Participants started from a kneeling position with a lateral inclination of 21º, holding on 
to a grip. After release, they received an auditory cue (at delays of 1, 40, or 80 ms), 
prompting either a natural fall arrest with the outstretched arm (block) or an MA fall. 
EMG-data of shoulder and trunk muscles were collected. 
Mean fall duration was 405 ms. Participants successfully applied the requested 
technique in 85% of the trials. In the 80 ms delay condition success rates were lower 
than in the 1 ms and 40 ms delay conditions. There were no significant experience-
related differences in success rates. In response to the cue, technique-specific EMG 
activity could be observed after 180-190 ms in left posterior deltoid, trapezius, 
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pectoral, and right external oblique abdominal muscles. EMG amplitudes were 
generally similar in both groups. However, some experience-related differences were 
observed. Judokas showed increased early pectoral activity, indicative of preparation 
for MA falls, whereas non-judokas tended to prepare for block falls, as indicated by 
increased trapezius activity. 
In conclusion, voluntary motor control is well possible within the duration of a fall, even 
after only a short training. Differences in early EMG activity might suggest that 
experienced judokas reacted to possible falls by using a default preparation for trunk 
rotation. 
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Sensory-motor integration for path navigation and postural stability 
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If an animal is to move adaptively through the environment, two key functions have 
to be achieved: postural stability and the navigation of an appropriate path. Here 
insect model systems; beneficial for their ecological specialisms and accessible 
nervous systems; highlight features of sensory-motor integration to achieve these 
goals.  
Path navigation: Phonotactic steering of the female cricket (Gyrus bimaculatus) to 
the male song emerges from rapid reactive steering responses [1-2]. Responses occur 
with a latency of 55-60 ms, before the CNS could evaluate the overall temporal 
structure of the chirp [1]. Combination of a fast trackball system [2] with high-speed 
filming [3] enables overall steering velocities to be correlated with the movements of 
individual legs. Here the particular significance of the front (pro-thoracic) legs in 
extending to the side of the sound is shown. Interesting, the cricket’s ears, that 
evolved from proprioceptors, are in the front legs. Sound pulses that occur when the 
cricket’s front leg was in different positions within the stepping cycle are found to alter 
that cycle’s trajectory and this then influences the animal’s overall trajectory in a 
sequence of steps. Additionally, as the complexity of the sound paradigm presented 
to the crickets increased, there was an increase in variability in the stepping cycle, 
particularly in the front leg trajectories. However, the middle and hind legs are also 
involved in turning. 
Postural stability: The desert locust (Schistocerca gregaria) was tethered on a high-
speed trackball, with high speed video of leg trajectories with concurrent muscle 
recordings from anterior and posterior coxal rotator, (active during swing and stance 
respectively) of both middle (mesothoracic) legs during walking, giving a step-cycle 
by step-cycle analysis of locust walking and the associated coxal rotator muscle 
activity. In a second set of experiments, locusts were tethered on a surface with six 
computer-controlled segments, so each leg could be independently moved. I 
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demonstrate the influence of this movement on the muscle activity in each leg and 
how the locust may adapt to repeated perturbation of the standing surface. 
Conclusions 
Much previous work on path navigation has focused on the animal’s overall ‘global 
vector’ of movement. The findings of my experiments demonstrate the importance of 
analysis of the animal’s individual leg movements on a step-cycle by step-cycle basis, 
with the phase dependent influences of sensory stimuli on motor output crucial for 
understanding possible underlying neural control for these behaviours. 
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Elderly use different strategies than young adults when viewing a 
target away from the heading direction during gait 
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Many elderly fall when walking and looking outside the heading direction. Such tasks 
are difficult even for young adults especially when instructed to use trunk turns 
(Schubert et al., 2003). Head movements can also affect gait (Vallis and Patla, 2004). 
The aim of the present study was to determine how much elderly and young adults 
deviate from the midline while viewing a target outside the direction of heading. Five 
young adults and seventeen elderly were asked to follow a sinusoidally moving target 
with various medio-lateral amplitudes (0, 5, 10 or 15 degrees) during walking on a 
treadmill and maintain their heading direction. The subjects had to follow the target 
either with their eyes, head or trunk. The medio-lateral body sway of the subjects was 
measured with infrared cameras. All subjects made less extensive head or trunk turns 
than required but the elderly performed worse than the controls. They also deviated 
more from the midline for comparable excursions of head or trunk. Furthermore the 
elderly tended to turn their feet more in the direction of the visual target than young 
adults, especially when making head or trunk turns. Elderly presumably avoid making 
head and trunk turns during gait and this is probably related to their decreased ability 
to maintain heading direction when making such turns. Furthermore they are likely to 
have problems dissociating rotations of various body levels since they seem to prefer 
turning in one block, including the feet.  
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Some factors that influence how we intercept moving targets 
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We are so good at intercepting moving targets that we often do not realise how 
complicated a task it can be. Even the simple issue of when and where to make 
contact with the target is not at all trivial, because although the when and where are 
obviously interdependent, there is no single correct choice of a combination of time 
and place. There can be many reasons for choosing a certain combination, just as 
there can be many reasons for choosing a certain movement trajectory and velocity 
profile. We will discuss some of these reasons and try to determine how flexible people 
are in selecting a strategy, and whether the strategy that they select is likely to be 
optimal in terms of performance. In particular we will show that people modify their 
trajectories to avoid obstacles and to hit the target in a certain direction. We will also 
show that they consider the target’s orientation when they choose a trajectory 
towards an elongated target that they want to intercept. The adjustment appears to 
represent a compromise between the optimal way to approach the target and the 
cost, in terms of accuracy, of moving on a more curved path. Finally we will discuss 
how the direction of target motion influences the trajectories, and in particular how 
different trajectories lead to different sensitivities to small timing errors. 
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Why fielders track the ball 

Joost D Driesens, Frank TJM Zaal, Raoul M Bongers 
Center for Human Movement Sciences, University of Groningen, PO Box 196, 9700 AD 
Groningen, the Netherlands, Telephone: +31-50-363-8977, Fax: +31-50-363-3150, Email: 
j.d.driesens@rug.nl  

To intercept a fly ball in a game of baseball an outfielder must be able to pick up 
relevant information to guide his running to arrive at the right time at the right location 
for interception. How is that information picked up? Interestingly, catchers track the 
ball with their gaze (Oudejans et al., 1999), and this tracking of the ball generates 
extraretinal signals. Could it be that these extraretinal signals make the catcher’s 
perceptual system more sensitive or more accurate? The current studiy aimed to find 
an answer to this question.  
We had our participants stand in front of a large projection screen on which we 
projected fly balls following a parabolic trajectory along the sagittal plane. The task 
was to indicate as quickly and accurately as possible, by pressing one of two 
response buttons, whether the approaching ball would pass behind or in front of the 
point of observation. Participants first performed the task without a specific instruction 
regarding tracking the ball (‘neutral condition’). In the ‘tracking condition’, we asked 
participants to track the ball with eyes and head and in the ‘fixation condition’, we 
asked participants to fixate the gaze at a horizontal line at eye-level.  
Without specific instructions, participants tracked the ball. Furthermore, performance 
was more accurate in the neutral and tracking conditions compared to the fixation 
condition. The conclusion is that tracking the ball, something catchers do naturally, 
does improve performance. In other words, tracking the ball, presumably taking 
advantage of the qualities of the respective extraretinal systems, does seem to make 
sense. 
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The contribution of stereo vision to the control of braking 
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Introduction 
To be successful in the confusion of daily traffic, executing appropriate brake 
manoeuvres is an important skill. When following a car, a driver needs to be alert in 
order to quickly register and act upon decelerations of a leading vehicle (1). From the 
literature (2-3), it can be concluded that monocular information sources like the 
optical variable tau play an important role in the visual control of braking, but that 
several other visual cues, such as depth information from stereo vision, might have a 
supplementary impact on brake behaviour. In the present experiment, the 
contribution of stereo vision was investigated when performing a braking task. 
Methods 
Twenty-six female participants with normal (≤ 40 arcsec on a Grade Circle Test; 
StereoN; N = 13) or weak (≥ 800 arcsec; StereoW; N = 13) stereo vision performed 
braking tasks when driving at a speed of approximately 11 km/h on a go-cart. 
Subjects could start braking at 4, 7 or 10 meters from a target vehicle when a red 
lamp on the rear of this vehicle lit. The instantaneous position of the go-cart was 
measured at 200Hz with a laser (Noptel CMP2-30) and velocity and acceleration were 
calculated. From these data, time and distance of brake initiation, and time of 
maximal deceleration were calculated as principal dependent variables and 
submitted to a 2 (visual conditions: binocular vs. monocular) x 3 (conditions of 
distance: 4m vs. 7m vs. 10m) x 2 (group conditions: stereoW, stereoN) ANOVA with 
repeated measures on the first two factors was executed on these variables. 
Results 
StereoW group started braking at a significantly larger distance than StereoN (F1,19 = 
6.492, p < 0.05, ηp 2 = 0.255). In the braking adjustment phase, maximal deceleration 
occurred at a shorter Time To Contact for StereoN group than StereoN (F1,17 = 15.721, p 
< 0.005, ηp 2 = 0.480). This effect increased up to 165 msec in the 10m-condition, as the 
interaction effect showed up significant (F2,34 = 5.539, p < 0.01, ηp 2 = 0.246). No further 
significant effects were found for temporal or spatial variables. 
Conclusions 
From this experiment, it can be concluded that stereo vision contributes to the 
initiation as well as to the control of a braking manoeuvre. However, this does not 
mean that people with a lack of stereo vision may cause greater risks in traffic 
negotiation, in particular situations in which rear-end collisions may occur. The lack of 
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good stereo vision is even associated with more prudent brake behaviour, i.e., an 
earlier brake initiation and an earlier maximal deceleration. 
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The detection of optical acceleration 
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Observers are well able to see that things accelerate or decelerate, but what it is 
that they really respond to is not clear yet. Previous studies have convincingly shown 
that observers do not base their judgments on acceleration per se (the second 
derivative of optical position with respect to time; see Babler & Dannemiller, 1993). At 
many places, movement scientists have assumed that the velocity ratio, which is the 
change in velocity of a stimulus divided by its average velocity, is the variable that the 
visual system is sensitive to when it detects acceleration (cf. Babler & Dannemiller, 
1993).  
In a series of two experiments, we had observers watch stimuli of dots that changed 
velocity, and indicate whether they had seen acceleration or deceleration (Zaal & 
Bongers, 2006). Our analyses showed, among other things, that the average velocity 
of the dots affected the judgments. This finding demonstrated that the observers were 
not responding to the velocity ratio. One possible explanation of these findings is that 
participants do not use the full stimulus interval to make their judgment while this 
whole interval is used in computing velocity ratio. 
To examine the possible role of the stimulus interval, we are currently performing a 
series of experiments in which observers respond not after they have seen the stimulus, 
as was the case in the experiments of Zaal and Bongers (2006), but as soon as they 
think they know the answer. The patterns of response times will help us to determine 
which part of the stimulus interval observers use to detect acceleration, and, we hope 
also, what the ingredients are of the variable that characterizes optical acceleration 
as human observers detect it. 
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Exploiting new perception-action solutions in ball bouncing: 
dynamics of learning and perceptual basis  
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How do humans discover stable solutions to perceptual-motor tasks as they interact 
with the physical environment? We investigated this question using the task of 
rhythmically bouncing a ball on a racket, for which a passively stable solution is 
defined. Indeed, a physical model of the task showed the existence of a stable 
attractor when the racket impacts the ball within a specified range of negative 
accelerations (Schaal et al., 1996). This means that small perturbations in ball 
trajectory do not need to be corrected and that ball trajectories relax back to a limit-
cycle trajectory within a few cycles.  
Previously, it was shown that participants exploit this passive stability but can also 
actively stabilize bouncing under perceptual control (Morice et al., 2005). Using a 
virtual ball-bouncing set-up, we created new behavioral solutions for rhythmic 
bouncing by introducing a temporal delay, expressed also in terms of relative phase 
(45˚ to 180˚), between the motion of the physical racket held by participants and that 
of a virtual racket visible of a large screen. Two learning experiments (26 and 24 
participants) were carried out to study how participants searched for and performed 
a new solution in presence of various delays / relative phases (Experiment 1) and 
whether perceptual basis of the learning process involved temporal or spatio-
temporal (relative phase) information (Experiment 2).  
Experiment 1 showed that in all delay conditions, participants learned to maintain 
bouncing just outside the passively stable region, indicating a role for active 
stabilization. They recovered the approximate initial phase of ball impact in the virtual 
racket cycle by adjusting the impact phase with the physical racket. With short delays 
(45˚, 90˚), the impact phase quickly shifted later in the physical racket upswing. With 
long delays (135˚, 180˚), bouncing was destabilized and phase was widely visited 
before a new preferred phase gradually emerged, during the physical downswing. 
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The results suggest that new behavioral solutions may be discovered and stabilized 
through broad irregular sampling of variable space rather than through a systematic 
search.  
Since in Experiment 1 the increase in phase lag co-varied with the increase in absolute 
delay, it remained an open question whether the dynamics of discovering new 
perception-action solutions depended on the spatio-temporal relationship between 
both rackets, or on the time delay between the two. Experiment 2 was carried out to 
get insight into this question and showed that spatio-temporal information was more 
likely to be used in the process of learning a new behavioral solution than absolute 
time information. 
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Negotiating expected and unexpected level changes in gait 

Jaap van Dieën 1, Lennart Bron 1, Reinier Könemann 1, Marcel 
Spanjaard 1, 2, Mirjam Pijnappels 1 
1Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands; 2Institute for Biophysical Research into Human 
Movement, Manchester Metropolitan University, UK, Telephone: +31 (0)20-5988501, 
Fax: 31 (0)20-5988529, Email: j.vandieen@fbw.vu.nl 

While gait on even surfaces has been extensively studied, negotiation of uneven 
surfaces, often required in daily life, is comparatively uncharted. Stepping down an 
elevation in ongoing gait is a common task that can cause falls when the level 
change is unexpected. The aim of the present study was to determine the 
mechanical requirements of stepping down an elevation and to study how these are 
dealt with by comparing the mechanics of expected and unexpected stepping 
down in ongoing gait.  
Ten young adult male subjects repeatedly walked over a platform wearing glasses 
that obstructed vision of the ground. An expected 10 cm height difference was 
negotiated after 6 m (indicated by a flag at eye height). In some trials, the height 
difference was unexpectedly encountered already after 4.7 m. Kinematics and 
ground reaction forces under both feet were measured during the step from the 
expected or unexpected encounter with the height difference.  
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Expected and unexpected stepping down involved a substantial increase in forward 
angular momentum as the body rotated about the ankle of the stance leg on the 
high level. Step length was significantly lengthened in expected stepping down 
compared to unexpected stepping down, which created a larger horizontal distance 
between center of pressure and body center of mass at landing. The increased step 
length in expected stepping down allowed control of the forward angular momentum 
immediately following landing. In unexpected stepping down, the time between 
expected ground contact and actual ground contact (110 ms) appeared too short 
to substantially adjust the movement of the swing leg. Hence, step length was not 
increased relative to level gait and thus angular momentum could not be sufficiently 
attenuated at landing. Consequently, a rapid forward rotation of the trunk occurred 
after the landing, but a fall was prevented in subsequent steps by all subjects. The lack 
of control of forward angular momentum can probably be the cause of a fall in 
unexpected stepping down, especially in elderly, when the capacity to recover from 
this balance perturbation falls short as was found to be the case in tripping (Pijnappels 
et al., 2004, 2005). 
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A simple control for balance in walking  

 At L Hof 
Center for Human Movement Sciences, University of Groningen,Telephone: +31 50 
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Next to position x and velocity v of the whole body centre of mass (CoM) the 
'extrapolated centre of mass' (XcoM) can be introduced (Hof et al., 2005): 

0x vξ ω= + , where 0ω  is a constant related to stature. Based on the inverted 
pendulum model of balance, the XcoM enables to formulate the requirements for 
stable walking in a relatively simple form. It turns out, namely, that stabilization of the 
XcoM trajectory is sufficient for stable walking, as the relation between XcoM and 
CoM (whole-body position) is intrinsically stable. The trajectory of the XcoM is a 
succession of straight lines, directed in the line from the centre of pressure (CoP) to the 
XcoM at the time of foot contact. When it is assumed as a simplification that the CoP 
remains at the same place during the step (‘compass gait’), a simple control rule is 
sufficient for stable walking: at foot placement the CoP should be placed at a certain 
distance behind and outward of the XcoM at the time of foot contact. In practice this 
means that a disturbance which results in a CoM velocity change vΔ can be 
compensated by a change in foot position (CoP) equal to 0v ωΔ in the same 
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direction. In addition, stopping and starting to walk (Jian et al., 1993) and the walking 
of curves (Courtine & Schieppati, 2003) can be simulated. 
The theory can be tested when the walking is disturbed by applying forces of known 
magnitude and direction. An experimental set-up and some results will be shown. It 
turns out that foot placement control is indeed dominant, but that ankle strategies are 
used in addition, cf. (Hof et al., 2006). For more severe disturbances step times may 
change and multi-step strategies are often followed. 
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The effect of arm movements on balance recovery after tripping 
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Impact with an obstacle during walking (tripping) causes a forward body rotation 
that should be reduced sufficiently to prevent a fall. Response reactions in the lower 
limbs (push-off by the support leg and placing the recovery limb far forward) have 
been shown to contribute to balance recovery [1,2]. Besides large leg and trunk 
movements in the sagittal plane, also considerable trunk torsion and lateral rotation 
occur after tripping [3]. In addition, vigorous arm movements have been observed, 
but it remains unclear whether, and if so, how these arm movements contribute to 
balance recovery [4-6]. We investigated, therefore, the effect of arm movements on 
body rotation during balance recovery after tripping. 
While walking repeatedly over a platform, ten young adults were tripped at mid-swing 
of the left leg by an obstacle that suddenly appeared from the platform. Subjects 
wore a safety harness and walked randomly either with unrestricted arm movements 
or with the arms clasped together on the back. Arm muscle activity and full body 3-
dimensional kinematics were measured. Angular momentum of the body segments 
was calculated and compared between conditions. 
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In the unrestricted condition, strong asymmetric shoulder muscle responses were 
observed within 100 ms after impact in the right anteflexors and the left abductors. 
The resulting asymmetric arm movements were a sideward elevation of the ipsilateral 
arm and anterior elevation of the contralateral arm. When subjects walked with their 
arms clasped on the back, they adjusted transverse trunk rotation during walking, 
which altered the initial conditions at the time of tripping. Moreover, they were unable 
to maintain this arm position after tripping.  
These results hampered a clear comparison and quantification of the contribution of 
the arm movements to balance recovery. Therefore, an additional theoretical analysis 
of body rotation when no angular momentum can be transferred to the arms is being 
performed. Orientation of the body rotation at the time of landing with and without 
arm movement will be presented and the functionality of the arm movements will be 
further discussed. Based on preliminary results, we expect the arms to contribute to 
balance recovery after tripping by reducing the angular rotation of the trunk and legs 
about the vertical axis, which can help to brake an impending fall.  
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A dynamical perspective on the realization of the walk-to-run 
transition 

 V Segers, P Aerts, M Lenoir, D De Clercq 
Department of Movement and Sports Sciences, Ghent University, Belgium, Telephone: 
+32-(0)9/264.63.12, Fax: +32- (0)9/ 264.64.84, Email: veerle.segers@UGent.be  

Introduction 
When gradually accelerating a treadmill, a transition from walking to running occurs 
spontaneously. Although human locomotion is a popular field in biomechanical and 
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motor control research, this walk-to-run transition (WRT) has not yet received much 
attention [1,2,3]. Earlier studies mainly adopted steady state speed protocols [1,2], but 
in order to describe the actual transition movement a few studies recently examined 
the realization of the WRT during submaximal acceleration on a treadmill [3]. 
The purpose of this study was to describe the relative phase of the leg segments by 
looking at the realization of transition from a dynamical perspective. Is the WRT an 
abrupt event or is WRT indeed prepared during the last walking steps, as shown by 
Segers et al. [3]? 
Methods 
Twenty women (168.9 ± 3.36cm) participated in the study. The subjects performed 
accelerations (0.1 m/s²) on a motor-driven treadmill. 3D kinematics were recorded 
using 8 Pro-Reflex cameras and Qualisys- software. Visual 3D (C-motion) was used to 
analyze the data. Relative phase was calculated as described by Seay et al. [2]. 
Results and Discussion 
As can be seen in Figure 1, the intra-limb coordinative pattern of walking (light grey 
lines) and running (black lines) is different. Despite the acceleration protocol, the 
relative phase pattern of all examined walking and running steps is similar and relates 
to the pattern described by Seay et al. (2006) during different steady-state protocols.  
The transition step (dark grey line) is defined as the first step with a flight phase and is 
characterized by an intermediate pattern, that evolves from the walking to the 
running configuration. The timing aspect is different due the spatio-temporal 
characteristics of the transition stride that begins from a double stance phase (at heel 
contact) but ends with the flight phase. Consequently, the timing of toe-off occurs 
later in the stride cycle compared to the following running steps. 
Based upon the latter findings, one may conclude that -from a dynamical 
perspective- transition takes place in one single stride. The kinematic differences 
described during the last walking step by Segers et al. [3] are not reflected in the 
dynamical behavior of the system. Therefore, it could be that a new mode of 
locomotion (i.e., running) emerges as a consequence of the dynamics of the 
locomotor system.  

Figure 1. Relative phase during the last steps before WRT, during the WRT-stride and the first running 
steps after the WRT (a) Shank - Foot and (b) Thigh - Shank. Relative phase was calculated for the 
right leg.  
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Involuntary locomotion in healthy humans 
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In the current study we develop previous findings on the involuntary locomotor 
activity triggered by nonspecific stimuli in healthy human subjects (Gurfinkel et al., 
1998). We used a manually built experimental setup designed to unload lower 
extremity. Subject laid comfortably on his side with the lateral leg hanged under the 
chain of articulated links. The suspension allowed unconstrained movements in hip, 
knee and ankle joints and released the extremity from the necessity to counteract the 
gravitation force. Under such conditions continuous vibration of either ipsilateral or 
contralateral leg muscles evoked involuntary locomotor activity in the suspended 
extremity. The minimal vibration frequency required to evoke involuntary locomotion 
varied across subjects. The locomotion begun with slow extension (rarely - flexion) of 
the hip joint that switched to the cyclic activity. The kinematic pattern of the knee 
and hip joint angles in involuntary locomotion was similar to the one of the normal 
voluntary terrestrial walking but scaled in time (3.5 sec long step cycle for involuntary 
locomotion) and in magnitude (2-3 times greater then the magnitude of the joint 
changes in normal walking). In all but one subject ankle joint wasn't involved into 
locomotion. In the one subject ankle angle pattern was identical to normal walking. 
Step frequency of involuntary locomotion increased with step magnitude in the way it 
is observed in normal walking. These facts made us suppose that observed involuntary 
locomotor activity could be generated by the same neural networks that form the 
locomotor pattern in normal walking, possibly the central pattern generator (CPG). 
We analyzed the influence of the support contact on the involuntary locomotion by 
applying step-modulated pressure to the foot surface of the suspended leg. In this 
case the ankle joint was actively involved into involuntary locomotion with a 
kinematic pattern similar to the normal walking. The attachment of the additional 
weight (about 7 kg) to the setup link near the ankle joint of the suspended leg led to a 
significant increase of the joint angle magnitudes and reduced the minimal vibration 
frequency necessary to evoke locomotion. Interestingly, in most subjects the weight 
attachment caused sustained locomotor activity even after the vibration was turned 
off. We assume that involuntary locomotion is activated and maintained by 
nonspecific tonic inflow to the CPG, ‘tonic activity’ that is consumed with the motion 
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execution. We thus draw an analogy between the tonic activity in locomotion and 
mechanical energy in the oscillating systems. 
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Laws and principles governing movement coordination dynamics (preferred patterns, 
loss of stability and phase transitions) have been studied predominantly using the 
rhythmic paradigm. Accordingly, rhythmic movements were formalized as two non-
linearly coupled limit cycle oscillators (Haken et al., 1985). Due to the coupling, either 
one or two stable solutions exist, dependent on the movement frequency. These 
dynamical phenomena subsisted regardless of the action system involved (arm/arm, 
leg/leg, upper/lower limbs, stimulus/limb, etc …) suggesting that the function 
underlying coordination dynamics between two coupled (biological) oscillators is 
invariant. However, rhythmic coordination constitutes only a subset of human motor 
behavior and most of our daily actions require coordination between different kinds of 
movements (rhythmic/discrete) executed by several joints/limbs. An important 
challenge is to determine if the assumption of the invariance of the coupling holds 
when coupling two (supposedly) distinct classes of movements such as discrete and 
rhythmic movements (Jirsa & Kelso, 2005). To that aim, we studied bimanual 
coordination between rhythmic and discrete flexion-extension movements. With the 
left wrist, participants executed auditory-paced rhythmic flexion-extension 
movements (flexion on the beat pattern) at different frequencies (0.5, 1, 1.5, 2 and 2.5 
Hz) while they performed a brisk auditory-evoked flexion movement with the right wrist 
as quickly as possible (reaction time task). This discrete movement was executed at 8 
phases of the rhythmic movement cycle (in steps of 45°). Control conditions 
(‘uncoupled’) in which participants performed either the discrete task or rhythmic task 
in isolation were also included. Using a variety of measures to characterize the 
discrete as well as the rhythmic movements (such as reaction time, movement time, 
phase variability), we showed that, first, the features of both movements, when 
executed simultaneously (‘coupled’), were different from the situation in which 
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movements were executed in isolation (‘uncoupled’). Second, the mutual influences 
between the two movements when executed simultaneously depended on both the 
(rhythmic) movement frequency and phase (of discrete movement initiation). This 
revealed that the coupling of movements of different classes results in the emergence 
of preferred spatio-temporal relationships and is now open to a systematic 
investigation. 
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Computational load as a source for coupling of bimanual 
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There is a spontaneous tendency for bimanual movements to shift towards mirror 
symmetry and homologous muscle activation – a phenomenon known as bimanual 
interference. Various neuromuscular, perceptual, and cognitive constraints have 
been considered to explain this phenomenon. However, none of these factors 
adequately account for the existing variety of experimental observations. We 
introduce a novel interpretation that logically emerges from recent findings regarding 
the role of inverse internal models (IIMs) in the control of single-arm movements. IIMs 
have been proposed to describe a feed-forward mechanism allowing for regulation 
of the complex inter-segmental dynamics of the arm. We argue that the difficulty of 
asymmetrical bimanual movements arises from increases in the computational load of 
the IIM during the simultaneous determination of joint control for the two arms. An 
experiment is reported that tested bimanual performance of cyclic drawing 
movements during symmetric and asymmetric coordination patterns at two 
frequency levels, 1.5 and 2.5 Hz. Shoulder and elbow amplitude and relative phase 
and characteristics of joint control were analyzed in addition to traditionally studied 
characteristics of motions of the arm’s endpoints. It was found that decreases in 
stability in endpoint motions were accompanied with characteristic changes in joint 
control, pointing to the inability of subjects to perform two distinct processes of inter-
segmental dynamics regulation simultaneously in the two arms. While the changes in 
joint control were observed in both arms, degradation of performance was 
specifically apparent in the non-dominant arm. Consideration of the leading-
subordinate strategy of joint control helps to understand changes in joint motions 
observed in asymmetric conditions. The results support the hypothesis that the 
interference during asymmetric bimanual movements emerges due to increased 
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computational load associated with regulation of inter-segmental dynamics 
simultaneously in two arms.  

Information shapes behavioural dynamics: The example of 
reciprocal aiming 

Laure Fernandez, Reinoud J Bootsma 

Mouvement & Perception UMR 6152 – Marseille – France; Email: 
laure.fernandez@univmed.fr 

When the agent is considered a constituent part of an environment-agent system 
(EAS), movement is understood as emerging from the interaction between the 
dynamical systems that are the agent and the environment. The behavioural 
dynamics (Fajen & Warren, 2003) resulting from this interaction are characterised by 
the patterns of movement observable at the level of the task. The coupling between 
agent and environment is thought to be informational (from the environment to the 
agent) and mechanical (from the agent to the environment). Thus, such informational 
and mechanical couplings would provide the conditions for the emergence of task-
specific behavioural dynamics. However, the influence of information on the 
characteristics of the behavioural dynamics remains to be defined. In this contribution 
we examine this influence for the case of (reciprocal) aiming that can be considered 
to capture the essence of goal-directed behaviour in the simplest possible setting 
(Mottet et al., 2001). 
Indeed, with distance D corresponding to the gap between the current and the 
desired situation and target width W specifying goal tolerance —implying only two 
independent variables, measured along a single dimension— the aiming paradigm 
proposed by Fitts (1954) allows experimental control of task difficulty. The latter is 
operationalised through an Index of Difficulty, with ID = log2(2D/W) being the most 
commonly used variant. Variations in ID lead to variations in movement time (MT), a 
relation that has come to be known as Fitts’ Law. The changes in MT result from 
changes in the pattern of movement, most readily observed in the case of reciprocal 
aiming (Fernandez, Warren, & Bootsma, 2006; Guiard, 1993). The particular kinematic 
patterns associated with different levels of task difficulty are captured by a unique 
behavioural dynamics (Mottet & Bootsma, 1999). In order to study the influence of the 
flow of information on the characteristics of the behavioral dynamics, we 
experimentally manipulated the environmental effects of the movements produced, 
thus altering the state of the EAS and the flow of information. To this end, we 
compared two different mappings between effector space (i.e., movement of a 
stylus on a graphics tablet) and task space (i.e., movement of a pointer on a 
computer screen). Movement kinematics produced for different levels of difficulty 
under a standard, linear mapping were compared with movement kinematics 
produced under a non-linear mapping, the latter being characterized by a logistic-
shaped gain between both spaces. 
Under both mapping conditions, kinematic patterns were found to vary systematically 
with the level of task difficulty. The comparison over mapping conditions revealed that 
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the pattern of stylus movement in effector space was subordinate to the pattern of 
cursor movement in task space. We therefore conclude that task-specific information 
indeed underlies the pattern of movement produced by the agent. A topographic 
analysis of the behavioural dynamics, followed by model fits indicated that the full 
range of movement patterns could be adequately captured through a unique 
Rayleigh-Duffing model (Mottet & Bootsma, 1999). In the case of reciprocal aiming, 
information thus exerts its influence at the level behavioural dynamics through 
parametric changes. 
Keywords  
Reciprocal aiming task, kinematics, motor control, behavioural dynamics, information-
movement coupling 
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Planning and execution of bimanual object manipulation  

L Janssen, RGJ Meulenbroek, B Steenbergen 
NICI, Radboud University Nijmegen, Nijmegen, the Netherlands, Telephone: +31-(0)24 
3612148, Fax: +31-(0)24 3616066, Email: l.janssen@nici.ru.nl  

Ample evidence has shown that the end-state comfort effect, i.e., the anticipated 
degree of physical comfort associated with the posture that is planned to be 
adopted at movement completion, acts as a powerful cognitive constraint on motor 
planning in unimanual prehension tasks (Rosenbaum et al., 1992). To ensure that a 
motor task is finished with a comfortable posture, the joint-angle configurations that 
people adopt at the start of their movements might be awkward. Recently, Weigelt et 
al. (2006) examined such macroscopic aspects of bimanual grasps and they 
suggested that the end-state comfort constraint may also dominate grip-type 
planning in bimanual tasks, overriding the impact of well known interlimb coordination 
constraints such as the preference to move both hands in a mirror-symmetrical fashion 
relative to the saggital plane. Symmetrical movements as opposed to asymmetrical 
ones have a higher degree of stability and accuracy, among other reasons, because 
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they often coincide with the co-contraction of homologous muscle groups (Swinnen 
et al., 1997). In the present study we investigated the relative impact of cognitive and 
interlimb-coordination constraints on bimanual object manipulation. To this end, we 
extended the bar-handling paradigm of Rosenbaum et al. (1992). Participants had to 
pick up a CD (instead of a bar) and place it in a CD-rack, either unimanually (1 CD) or 
bimanually (2 CDs). In both conditions, placement orientation of the CDs was either 
vertical or horizontal, resulting in comfortable and less comfortable end postures, 
respectively. In the bimanual conditions, placement of the CDs necessitated either 
symmetrical or asymmetrical movements, through manipulation of the start postures. 
Task performance was recorded by three-dimensional movement tracking (Optotrak, 
with markers on the trunk, shoulders, elbows and wrist). The impact of the task 
constraints was examined by analyzing kinematic parameters reflecting the efficiency 
of the individual hand movements and relative-phase measurements to capture the 
coordination stability of the bimanual task performance. We will discuss the 
relationship between cognitive and interlimb-coordination constraints on the planning 
and execution of bimanual object-manipulation. 
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Informational and musculoskeletal underpinnings of anchoring  
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Anchoring phenomena are commonly observed in rhythmic movement, often in the 
form of reduced endpoint variability. It has been suggested that at such points with 
reduced variability useful task-specific information is available (Beek, 1989). In 
rhythmic unimanual visuo-motor tracking, for example, gaze fixations at one of the 
two target turning points resulted in anchoring phenomena in that direction (Roerdink, 
Peper & Beek, 2005), testifying to the intimate coupling of perception and action in 
visuo-motor control. However, musculoskeletal properties may play into anchoring as 
well (Carson & Riek, 1998). We conducted an experiment to delineate the relative 
contributions of these two factors to the manifestation of anchoring effects. A 
rhythmically moving visual stimulus was tracked using flexion-extension movements 
about the wrist, while both musculoskeletal (viz. wrist posture) and informational (viz. 
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gaze direction) constraints were manipulated. The results showed that anchoring was 
affected by both factors in the absence of any interactions. With the wrist in a flexed 
posture, endpoint variability was smaller for the flexion (left) endpoint than for the 
extension (right) endpoint, whereas the converse was true when tracking was 
performed with the wrist in an extended posture. In addition, when gaze was directed 
to the left (right) target turning point, left (right) endpoint variability was reduced. 
Differential anchoring effects were absent for a neutral wrist posture and when gaze 
was fixated in between the two target turning points. In addition to endpoint 
variability, the tracking dynamics of the entire movement cycle was examined by 
constructing velocity profiles and Hooke’s planes of the flexion-extension trajectories. 
Global tracking behavior was more strongly affected by wrist posture than by gaze 
direction. Specifically, peak flexion (extension) velocity was reached earlier with the 
wrist in a flexed (extended) posture. Moreover, with a flexed (extended) wrist posture 
harmonicity was reduced compared to the neutral wrist posture, in particular for the 
flexion (extension) half cycle. In conclusion, musculoskeletal properties and 
informational properties associated with gaze direction both give rise to anchoring 
phenomena. Their contributions to anchoring were not interactive but additive in 
nature, indicating that they stemmed from independent mechanisms or processes. An 
encompassing analysis of the tracking trajectories in terms of velocity profiles and 
Hooke’s planes revealed that the musculoskeletal properties affected the tracking 
dynamics more than did gaze direction.  
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Brains in Space I - Effects of stress onto sensorimotor adaptation 
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Background 
Changed forces of gravity lead to a variation of sensorimotor coordination. Until now 
it has not been differentiated between primary influences of weightlessness and 
secondary influences due to psycho-physiological factors (e.g., stress). Therefore it 
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seems necessary to correlate sensorimotor deficits during weightlessness with stressors 
that arise from the situation. Moreover it seems helpful to substantiate previous 
assumptions of ‘non-specific effects of multiple stressors’ (Fowler, Comfort, and Bock, 
2000; Manzey, 2000) as well as to clarify what consequences potential changes in 
central nervous activities and increasing concentration of hormones do have on 
sensorimotor qualities. The result should reveal basic information on the processing of 
the human sensorimotor system and therewith allow a better preparation for long-
term inhabitations of space and to enhance the scheduling of minute motor activities 
in space. 
Method 
During the recurring one-G (normal gravity) and 0-G (weightlessness) phases of 
parabolic flights subjects were asked to perform a sensorimotor learning task. Task 
performance was quantified as RMS-Error over 23 episodes, each lasting 18 seconds. 
To visualise changes in cortical activity an EEG at rest was taken at the beginning, at 
the end and at two times during the flight. EEG was subdivided by FFT into alpha and 
beta frequency ranges. Blood was taken from the subjects before the first parabola, 
after the 5th, the 15th and the 25th parabola. Cortisol and prolactin were determined 
out of these blood samples. A third group of subjects performed the same procedure, 
including tracking task, rest EEG and blood collection under ‘streslless’ conditions in 
our laboratory. 
Results 
Comparing the learning performance we found a distinct decrease in performance 
during the one-G phase and an additional decrease during the 0-G phase compared 
to the control group. This decrease came along with an increase of beta1 and beta2 
frequency ranges which traditionally is regarded as an increase of arousal and stress. 
No changes in cortical activity were found for the control group. Moreover cortisol 
and prolactin values increased significantly for the flight groups whereas no changes 
were detected for the control group. 
Discussion 
Results seems to support the assumption that a decrease of sensorimotor performance 
during phases of weightlessness is not only dependent on gravity levels. Psycho-
physiolocigal effects have to be considered as a relevant factor for sensorimotor 
processes as a decrease in sensorimotor performance can be found even when tasks 
are performed under one-G-conditions in parabolic flights. 
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Does the brain predict the consequences of fast movement 
corrections? 

Frédéric Danion, Fabrice Sarlegna 
Université de la Méditerranée, Mouvement et Perception, CNRS, Marseille (France); 
Email: frederic.danion@univmed.fr 

Strong evidence demonstrates that the brain has the ability to predict the behaviour 
of our own body in response to our motor commands. Moreover, other evidences 
show that the brain has the ability to initiate fast movement corrections in response to 
unexpected changes in the environment. However it is presently unknown whether 
predictive mechanisms are capable of accommodating those changes in motor 
commands underlying movement corrections? The answer to this question is 
fundamental because it provides direct insight into the dynamics of the neural 
processes involved in movement prediction.  
Earlier studies have shown that when we transport a hand-held object, our grip force 
is adjusted in a predictive fashion with respect to the mechanical consequences of 
our actions. In the present study, eight subjects were asked to transport an object 
attached to an elastic cord to a visual target located 8, 16, 24 cm away from the 
starting position. Occasionally, when the target was presented at 16 cm, the target 
could jump unexpectedly to 8 or 24 cm at movement initiation. Additionally, in a no-
grasp condition, subjects performed the same procedure without holding the object 
(the elastic cord being attached to the index fingertip). Grip force and load force 
(tension of the elastic) were sampled at 1000 Hz. Data analysis focused on the 
following points 1) Is the coupling between grip force and load force altered by fast 
movement corrections? 2) Are grip force corrections initiated before, or after arm 
movement corrections? 3) Are movement corrections initiated with similar latency 
with and without holding an object? 
Our results show that the grip-load force coupling was virtually unaffected by arm 
movement corrections. In addition, grip force corrections could be initiated before 
arm movement corrections (by about 70 ms), but never occurred after movement 
corrections. At last, the latency of movement corrections was independent of the 
grasp condition (285 ms). We interpret those results as evidence that the brain 
maintains its ability to predict the behaviour of our body even when motor commands 
are suddenly changed during motor execution. We also conclude that the neural 
operations engaged in movement prediction are very fast processes that do not 
interfere with those engaged in fast movement corrections. 
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Latent movement imitation in professional dancers and non-dancers: 
an ERD study 

Guido Orgs, Jan-Henryk Dombrowski, Martin Heil, Petra Jansen-
Osmann 
Institute of Experimental Psychology, Heinrich-Heine University Düsseldorf, Telephone: 
0049-211-81-14566, Fax: 0049-81-3490, Email: orgs@uni-duesseldorf.de 

We presented professional dancers and non-dancers with videos of two categories, 
dance movements and everyday movements. In a first block participants were asked 
to indicate by a button press to which category a displayed movement belonged to. 
In a second block participants were asked to imagine themselves executing the 
movement from the previously presented video. The EEG was recorded and 
submitted to frequency analysis. Compared to a visual baseline condition professional 
dancers showed higher levels of alpha band desynchronisation during video 
presentation than did non-dancers. Desynchronisation within the alpha frequency 
band may be associated with imagination, preparation or observation of movements 
(Cochin et al., 1999; Pfurtscheller & Neuper, 1997). 
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Impairment of isometric force control in altered gravity: effects of 
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Altered gravity can affect human sensorimotor coordination. This might be of great 
importance for people operating in changed-g, such as pilots and astronauts. 
Previous studies showed that subjects exposed to 3g in a centrifuge produced 
exaggerated isometric forces in all three-dimensions of space (Girgenrath et al., 2005). 
In the present work, we investigated force production in micro-g, normal-g and hyper-
g (1.8g) periods of parabolic flight.  
Holding an isometric joystick in their dominant hand, subjects (n=12) produced visually 
prescribed isometric forces (5, 15, 25 N) in the four cardinal directions of the horizontal 
plane. This task was first trained on the ground under visual feedback, and then 
performed during periods of hyper-, micro- and normal-g of parabolic flight without 



Free Communications 

 123 

visual feedback. During the last six parabolas, a 70 Hz vibration was applied to the 
flexor- and extensor side of the wrist in order to degrade segmental excitability. An 
interactive computer algorithm calculated peak force, initial force (force 100 ms after 
movement onset) and peak velocity of force increase. Saliva was collected half-
hourly at the control day, and additionally after each 5th parabola at the flight day, 
in order to measure cortisol concentration. Urine samples were collected before and 
after flight, and on two control days, in order to determine epinephrine concentration.  
Subjects produced substantially higher initial forces, peak forces, and peak velocities 
in micro-g and hyper-g, if compared to the normal-g baseline. Under wrist vibration, 
this effect was strongly attenuated. Saliva cortisol increased during the flight above 
the control values, but individual changes didn’t correlate with force changes. The 
increase in epinephrine concentration after the flight compared to control samples 
didn’t reach significant level. 
We conclude that force production is exaggerated in hyper-g, and even more so in 
micro-g. This phenomenon is probably related to a change of spinal excitability, 
induced by descending vestibulospinal signals.  
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Error correction but not adaptation is impaired in patients with 
cerebellar degeneration 
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Introduction 
Many earlier studies document that sensorimotor adaptation is reduced or absent in 
cerebellar degeneration (Deuschl et al., 1996; Martin et al., 1996; Maschke et al., 
2004). This could indicate that the adaptive process per se is perturbed, or that crucial 
prerequisites for adaptation are degraded. Indeed, the cerebellum plays a major role 
in error processing (Flament, Ellermann, Kim, Ugurbil, Ebner, 1996; Martin, Cooper, 
Hacking, Ghez, 2000; Shimansky, Wang, Bauer, Bracha, Bloedel, 2004) and 
feedforward motor control (Becker, Kunesch, Freund, 1990), which might both be 
important prerequisites for adaptation. The aim of our work is to deconfound those 
prerequisites and sensorimotor adaptation in cerebellar patients. 
Methods 
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Seventeen patients suffering from diffuse degeneration of the cerebellum 
(spinocerebellar ataxia type 6, SCA6; sporadic late onset ataxia, SAOA) but without 
extra-cerebellar lesions participated. Seventeen control subjects were matched in 
age and gender. They performed pointing movements with a digitising pen while 
visual feedback of current hand position was rotated by 60 deg. 24 h later, we 
determined the retention of adaptation, its transfer to the other hand, and 
deadaptation after normal feedback was reinstated. Feedforward motor processing 
was quantified as response variability before adaptation onset, response speed as 
maximum tangential velocity, and error processing as the coefficient of determination 
between initial error and error reduction. 
Results 
Compared to controls, patients showed deficits of adaptive improvement (p < 0.001), 
intermanual transfer (p < 0.05), response speed (p < 0.01), and error processing (p < 
0.01), but no deficits of retention, deadaptation, and feedforward processing (p > 
0.05). An ANCOVA with the factor group and the covariates feedforward processing, 
response speed, and error processing was applied to the dependent variable 
‘adaptive improvement’ and yielded a significant effect only for error processing (p < 
0.001). When the ANCOVA was applied to the dependent variables ‘retention’, 
‘transfer’, and ‘deadaptation’, no significant effects were obtained. 
Discussion 
The adaptation deficit of our cerebellar patients can be fully explained by their 
degraded error processing. This is consistent with the view that cerebellar 
degeneration affects an important prerequisite for adaptation, but not adaptation 
per se.  
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Introduction 
Strength scaling is an important approach to make musculoskeletal models subject 
specific. Current multi-body models incorporate fairly general scaling rules based on 
geometric similarity (Strength~mass2/3) [1]. This approach works well for comparing 
strength between differently sized species; however, its application on a class of 
similar animals is questionable [2]. In humans the relationship between segment mass 
and strength is influenced by many factors such as gender, age and body 
composition [3]. These influences need to be taken into account to obtain accurate 
scaling results. To our knowledge there are no studies that have attempted to 
rigorously test the basic strength scaling employed by musculoskeletal models. 
Therefore, the aim of this study was to develop strength scaling equations of 
increasing complexity and validate them with experimental data on isometric upper 
leg and arm strength. 
Methods 
Using the AnyBody software [1], a leg model and an arm model were developed. 
Three different scaling equations with increasing levels of complexity were 
implemented. The simplest equation involved geometric scaling for segment mass 
(Strength~mass2/3), whereas the most complex approach also accounted for body 
composition, age and gender differences. For this purpose, two different 
approximation methods were used (multiple linear regression and a cumulative 
approximation [4]). All scaling equations were validated against isometric strength 
measurements on arm (N = 26) and leg (N = 63) muscles of a heterogeneous 
population (age; 19-84 yrs, men & women, BMI; 18-35). 
Results 
The correlations between measured and predicted strength ranged from 0.39 to 0.88 
for the leg and from 0.64 to 0.99 for the arm. The lowest correlations were obtained for 
geometric scaling and the highest correlations were obtained for the cumulative 
approximation. The best predictions were obtained for the arm strength. 
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Discussion 
Our results show that simple geometric scaling is not sufficient for an adequate 
strength prediction. Instead age and gender are important factors that need to be 
taken into account. Accurate strength scaling is an important first step towards 
subject specific models of the musculoskeletal dynamics. The next step is to evaluate 
the scaling of the force-length relationship and the force–velocity relationship. 
Furthermore the applicability of the newly developed scaling equations on different 
populations needs to be investigated. Subject-specific models are especially 
important in the evaluation of clinical populations in which muscle function is 
deteriorated. 
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Modulation of muscle force feedback to affect human ankle 
admittance 

Winfred Mugge, David A Abbink, Frans CT van der Helm 
Biomechanical Engineering, Delft University of Technology, Telephone: +31-(0)15 27 
85241, Fax: +31-(0)15 27 84717, Email: w.mugge@tudelft.nl  

The human motion control system is highly adaptive. Its dynamics are often described 
by the mechanical admittance (the dynamic relationship between force and 
position), which can be determined experimentally. The admittance comprises 
elastic, viscous and inertial properties, and contributions by reflexes. The majority of 
studies assume that the only relevant reflexive feedback pathways are muscle stretch 
and stretch velocity originating from muscle spindles. The goal of this study is to 
determine the contribution of muscle force feedback by Golgi Tendon Organ (GTO) 
reflex activity to human ankle admittance.  
From literature it is known that different task instructions and perturbations lead to 
differences in admittance due to different settings of the neuromuscular system1,2. 
From a functional perspective, admittance is hypothesized to be small during position 
tasks (PT, ‘maintain position, resist perturbations’), and large during force tasks (FT, 
‘maintain force, give way to perturbations’). Therefore, GTO feedback is hypothesized 
to be negative during PT (decreasing admittance) and positive during FT (increasing 
admittance). 
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The frequency response functions from force perturbation to position (a measure of 
admittance) were determined by closed loop identification of ankle manipulator 
experiments. Continuous force perturbations were applied at the foot while subjects 
(n = 10) were instructed to maintain a constant position (PT), a constant force (FT), or 
as little muscle activity as possible (RT). It is concluded that a PT entails considerably 
lower and a FT considerably higher admittances than a RT. A significant effect of task 
instruction on the admittance was found up to 3.0 Hz. 
The separate contributions of various mechanisms to the admittance were 
determined by a parameter fit to a neuromusculoskeletal model. In agreement with 
the hypotheses GTO feedback is positive (or inhibiting) during FT, marginal during RT, 
and negative (or exciting) during PT. From the model it was found that there is strong 
interdependence between reflexive feedback and intrinsic properties in their 
potential contribution to the endpoint ankle admittance. Hence results from 
parameter fits should be taken with care. 
Nevertheless this study found a significant and substantial role of GTO feedback 
during both FT and PT, which implies that GTO and MS feedback should not be 
addressed separately in human motion control studies. In conclusion, modulation of 
GTO feedback was found to be affected by task instruction and was even found to 
change sign. 
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COM mechanical energy during a cyclical working task 

MA Gilles 1, G Dietrich 2, JC Guelin 1, G Didry 1  
1Laboratoire de Physiologie du travail, INRS, FRANCE, 2UPRES EA 4042, Contrôle Moteur 
et Perception, Université Paris Sud, France, Telephone: 33 (0) 3 83 50 98 34, Fax: 33 (0) 
83 50 20 97, Email: martine.gilles@inrs.fr 

For ergonomic purposes, we set up an experiment to investigate the global effort 
needed by workers during a cyclical working mounting task performed under two 
different time constraints. Our hypothesis is that effort adaptation is regulated in terms 
of energy expenditure. Long timework needs energy regulation to be physiologically 
acceptable. The global mechanical energy is generally computed for centre of mass 
(COM). Total COM energy could be analysed using variations of kinetic (Ek) and 
potential (Ep) energies during movement (Zatsiorsky, 2002). The aim of this study was 
to analyse energetic regulation in terms of time constraint adaptation and subject 
age during a complex task. A secondary aim of this study was to run this experiment 
on a large number of subjects in order to establish an ergonomic database. This 
paper reports only the first phase of this work done on twelve male subjects from 33 to 
63 years old. Range of age was deliberately spread for purpose of our experiment. 
Task consisted to a) take a wood base on an imposed speed rotating cylinder, b) go 
to a mounting table, c) grab two bolts and one handle placed under the table, d) 
put all peaces together, e) bring back the mounting object to the cylinder before it 
had done a complete turn. This was repeated during 20 minutes for two conditions of 
time constraint: i) comfortable: 25s by cylinder’s turn ii) rapid: 20s by cylinder’s turn.  
Subject movements during the cyclical task were recorded with an optoelectronic 
system, and two force plates located one in ground and the other in the mounting 
table. On the base of 70 anthropometrical measurements done for each subject, a 
biomechanical model was computed as proposed by Hanavan (Hanavan, 1964) to 
analyse COM Ek and Ep.  
We first focused on the working cycle part corresponding to squat down and up to 
collect bolts and handle. Ek during flexion (Ek F) and during extension (Ek E) were 
significantly different (p = 0.001) as function of time constraint and age. Ep during 
flexion was strictly similar to Ep during extension. These Ep variations (Ep FE) were not 
significantly different as function of time constraint but significantly different (p = 0.001) 
as function of age. Using Newell dynamical theories (Newell, 1986), kinematics 
energies regulation could be directly related to internal constraints (age) and task 
constraints (experimental conditions). However, potential energy seems to be only 
related to internal constraints. 
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The advantage of handedness in a force control task performed by 
children between 6 and 12 years old 

Bouwien Smits-Engelsman 1, 2, 3 
1Faculty of Kinesiology and Rehabilitation Sciences, KU Leuven, Belgium; 2Avans+, 
University for Professionals, Breda, the Netherlands; 3Department of Rehabilitation, 
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There is a known functional difference between right hand and left hand movements 
in right dominant individuals that is already present in young children. Aiming 
movements with the preferred hand are executed more quickly and with a greater 
degree of spatial precision. If the advantage of the preferred hand is related to 
enhanced motor control then this should be revealed in the performance on an 
isometric force task as well. We are especially interested in force variability. In 
particular, the frequency content can reveal whether corrections are made using 
short loops (higher frequencies; spinal circuitry) or long ones (low frequencies; 
transcortical). In the present experiment the contribution of short and long loops was 
evaluated in two tasks. Both tasks started with a tuning phase, during which visual 
feedback about the required and produced force was available for the participants 
to match their produced force level to the required force level. In the first condition, 
the required force level was only shown prior to the experiment. Thereafter only 
information about the amount of produced force was fed back. Hence, in this 
condition (Visual Control), participants had to remember the spatial location of the 
target and compare that memory to the available visual feedback of the generated 
force at that moment. In the second condition (Kinesthetic Control) the reverse 
occurred. After a comparable tuning phase, the target stayed visible but the cursor 
representing the momentarily generated force disappeared and participants had to 
control the required force by motor memory. When comparing the performance of 
the dominant hand (DH) and non-DH (NDH) three main effects became apparent. 
First the NDH produced less force, with a larger SD leading to higher coefficient of 
variation. Furthermore the NDH produced larger errors, irrespective of feedback 
condition. The frequency spectrum of the NDH indicated that slower feedback loops 
were used. It looks like the NDH needs more conscious control (more energy in the 1-8 
Hz). Overall, differences between the two hands became less apparent when the task 
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was more difficult (p < 0.05). It is proposed that in those tasks, the DH also used more 
long loop and less automatic short loop control. 

Equilibrium point control cannot be refuted by experimental 
reconstruction of equilibrium point trajectories 

Dinant A Kistemaker , Arthur J (Knoek) Van Soest, Maarten F Bobbert  
Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, The Netherlands; Telephone: +31205988495; Fax: +31205988529; Email: 
d.kistemaker@fbw.vu.nl 

In the literature it has been hotly debated whether the brain uses internal models or 
equilibrium point (EP) control to generate arm movements. EP-control involves the 
specification of EP-trajectories, time series of arm configurations in which internal 
forces and external forces are in equilibrium; if the arm is not in a specified EP, it is 
driven towards this EP by muscle forces arising due to reflexes and muscle mechanics. 
EP-control has been refuted by researchers claiming that EP-trajectories underlying 
movements of subjects were complex (e.g. Gomi and Kawato, 1996). These 
researchers had used a KBI-approach, which involves applying force perturbations 
during movements of subjects and fitting a stiffness-damping-inertia (KBI) model to the 
kinematic responses. In this study we examined the validity of the KBI-approach with 
the help of an EP-controlled musculoskeletal model of the arm. We used the latter 
model to simulate unperturbed and perturbed maximally fast movements and 
optimized the parameter values of a KBI-model to make it reproduce as best as 
possible the kinematic responses. It was shown that estimated stiffness not only 
depended on the ‘true’ stiffness of the musculoskeletal model but on all of its 
dynamical parameters. Furthermore it was shown that reconstructed EP-trajectories 
were in agreement with those presented in the literature, but did not resemble the 
simple EP-trajectories that had been used to generate the movement of the model. It 
was concluded that the refutation of EP-control on the basis of results obtained with 
the KBI-approach was unjust. 
Reference 
Gomi, H, Kawato, M (1996) Equilibrium-point control hypothesis examined by 
measured arm stiffness during multijoint movement. Science, 5, 272,117-20. 
Keywords 
motor control, joint stiffness, musculoskeletal model, fast goal-directed movements, 
force perturbation 



Free Communications 

 131 

Session 9 
Chair: Wolfgang Schöllhorn 

Movement strategies associated with an obese group  
Dominic Thewlis 1, Jim Richards 1, Paola Dey 2, Lynne Goodacre 2, 
Keith McCullough 1  
1Department of Allied Health Professions, University of Central Lancashire, 2Lancashire 
School of Postgraduate Health and Medicine, University of Central Lancashire, 
Telephone: +44 (0)1772 894577, Fax: +44 (0)1772 894574, Email: dthewlis@uclan.ac.uk  

There is an imperfect understanding of the biomechanics of obesity. In other groups, 
subtle changes in movement are associated with activity restrictions. Although 
differences have previously been documented [1, 2], these have for the most part 
been concerned with very simple measures such as stride length and width. Whilst 
these simple characteristics appear to differ from an average weight group, there is 
no consideration for the subtle movements of the limbs and any strategies which may 
change the relative load through the joint. In addition to this, the majority of studies to 
date have concentrated on gait biomechanics and neglected other functionally 
important movements. These strategies may also relate to a change in dynamic 
balance control, which may be effected by a confidence element. We undertook 
exploratory study to compare quality of movements and balance confidence in 
obese and non-obese subjects. Two groups were established, those with a self 
reported body mass index (BMI) of 30+ and those with a BMI of below 30. Eight cases 
were recruited for the obese group, 8 controls were then matched to the obese 
group. The mean BMI was 33.3 and 23.3 among the 8 cases and 8 controls 
respectively. Falls efficacy was measured for each participant. The biomechanical 
assessment modeled the limbs of the individual in 6 degrees of freedom [3]. The hip 
joint centre addressed by calculation the functional joint centre [4]. The movements 
included; gait, sit to stand, stair decent, loaded gait, reaching and arm circumdution.  
Two cases had fallen in the previous year but none of the controls. The mean falls 
efficacy score was significantly higher in cases compared to controls (95% CI = 0.93 to 
5.31, p = 0.039). The biomechanical assessment identified interesting findings initially in 
the gait and sit to stand data. The gait data revealed that the cases demonstrated an 
increased thoracic twist (transverse plane) associated with increased thorax lateral 
flexion (coronal plane) with respect to the pelvis. This resulted in a lower normalized 
coronal plane moment about the knee in the cases. However the raw moment was 
higher. Sit to stand data identified a relationship between thoracic twisting and waist 
to hip ratio; this was related to the generation of momentum to power the stand. This 
study suggests adaptations in movement in obese people which might affect joint 
symptoms, balance and activity participation, and could have implications for 
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understanding the musculoskeletal disease progression and the appropriateness of 
exercise regimens. 
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How dynamic properties can explain artistic dance situations  

 Ludovic Marin, Johann Issartel, Marielle Cadopi  
 Motor Efficiency and Motor Deficiency Laboratory, University Montpellier I, France, 
Telephone: +33-(0)46741-5762, Fax: +33-(0)46741-5708, Email: ludovic.marin@univ-
montp1.fr  

Asking a dancer to move however he/she wants with no frequency, amplitude or 
phase constraints characterizes an improvisational motor situation. Such activities are 
difficult to study because they are considered as subjective and too variable from 
one trial to the next and results seem complex to extract to explain or generalize 
‘typical’ human motor behavior. However the dynamical approach predicts that a 
structured coordination emerges from any human motor behavior (Kelso, 1995). For 
example, when people are walking (Diedrich & Warren, 1995) or are involved in a 
bimanual task (Kelso, 1995), they all have preferred frequencies and phase relations. 
They all have individual intrinsic motor properties reproducible from one trial to the 
next, which is called a motor signature (Issartel et al., 2007). Can we observe these 
motor signatures in an improvisational dance situation?  
We compared 12 professional contemporary dancers to 12 non-dancers in an 
improvisational dance task. Participants performed two conditions of six trials each, 
where they freely moved their right forearm with no instructions (nor restrictions) about 
frequency, amplitude or phase. In the first condition participants were alone, whereas 
they were paired with another participant in the second condition. In the latter 
condition, they were instructed to be tuned in to each other while moving their 
forearm. Each participant had to take into account the movements of the other to 
perform their own moves. This condition ensures that their movements are not 
prepared in advance. We analyzed the wavelet transform (WT) of the right forearm 
angle of each participant in order to compare the motor signature between trials, 
conditions and groups of participants.  
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The WT showed three main results. First, there were no differences between trials in the 
Alone condition. Even if participants could change their moves from trial to trial, we 
observed individual intrinsic motor properties for all participants. Second, there were 
also no motor signature differences between Alone and Paired conditions even if 
participants interacted with the other person when they were paired. Third, both 
expert and non-expert dancers are consistent with their intrinsic properties – regardless 
of their level all participants maintained their motor signature even in an 
improvisational situation. Together, these results show that artistic situations that involve 
movement, such as dance, may not be as subjective or as variable as we might think 
– dynamic principles seem to guide artistic endeavors just as in any other human 
movement situation.  
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Signs of interpersonal coordination while walking in pairs 
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We studied whether and how two people synchronize their leg movements while 
walking side by side on a large treadmill. After assessing participants’ preferred stride 
frequencies at four different treadmill speeds, participants with different preferred 
stride frequencies were coupled. Initial results indicated that participants 
unintentionally adjusted their stride frequency to that of the other person and that 
participants with high stride frequencies influenced those with low stride frequencies 
to a greater extent than vice versa. The relative phase between the participants’ leg 
movements was attracted to values near 0° or 180°, but was not perfectly phase 
locked. In two subsequent conditions, participant pairs were explicitly instructed to 
synchronize their steps, adopting an in-phase or an anti-phase mode of coordination, 
where the former was defined as simultaneous stepping of the same leg (i.e., L-L, R-R) 
and the latter as simultaneous stepping of different legs (i.e., L-R, R-L). Participants with 
low stride frequencies contributed most to the required coordination pattern in that 
they increased there stride frequency up to the level of there partner’s stride 
frequency. Furthermore, the in-phase and anti-phase modes differed in stability as 
indicated by the standard deviation of the relative phase. Collectively, these data 
suggest that when two people walk side by side they unintentionally influence each 



Free Communications 

 134 

other’s frequency to a moderate degree. More fine-grained, time-resolved analyses 
are currently carried out and will help to refine this initial conclusion. 
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Determination of area of maximum functionality in selected equine 
muscles through a combination use of dissected specimens, 
ultrasonography and surface electromyography 

H Zaneb, V Kaufmann, T Licka, C Peham 
Clinic for Orthopaedics, University of Veterinary Medicine, Vienna, Email: 
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Skeletal muscles are considered to have their maximally functional area around the 
middle of their length coinciding with the maximum bulk of the muscle. In this study 
the morphology and relations of a few equine muscles (Longissimus dorsi, Gluteus 
medius, Biceps femoris, Semitendinosus and Long digital extensor) were explored using 
dissection of formalized specimen, observing the cross-sectioned specimen (when 
possible) and ultrasonographic imaging of these muscles in 5 live horses. The area of 
maximum thickness of these muscles as determined by dissection of formalized 
specimen did not always coincide well with the ultrasonographic images and the 
representative strength of electromyographic signal. This finding asked for a 
modification of our approach regarding the position of electrodes for superficial 
electromyography specially for semitendinosus muscle. It appears that partial loss of 
morphological relations in formalized specimen can render the muscles, specially the 
long ones, less authentic as an aid to a clinical study in general, and as a source of 
information for surface electromyography (sEMG) specifically. Ultrasonography seems 
to be a more promising source for this purpose. It also raises a question regarding 
preferring the mid-point of the muscle for placing the sEMG electrodes. 
Keywords 
Surface electromyography, ultrasonography, equine muscle, formalized specimen 

Development and validation of prototype instrumentation for 
measurement of equine radial hoof strain in vitro 
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A preliminary study of in vitro radial hoof strain at the dorsum was reported by Hobbs 
et al. (2004) using prototype instrumentation. Radial strain in normal hooves was found 
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to vary significantly with gauge position, limb position and individual limb. Strain 
magnitudes were noticeably lower than principal strain magnitudes recorded by 
other authors on the hoof wall in vivo (Colles, 1989; Thomason et al., 1992; Thomason, 
1998; Thomason et al., 2001; Thomason et al., 2004). It was recognised that 
improvements in manufacturing methods and test protocol were essential if 
repeatability and measurement accuracy were to be improved. The aim of this study 
was therefore to validate in vitro radial hoof strain using improved prototype 
instrumentation. 
Nine normal forelimbs from horses subjected to euthanasia for reasons unrelated to 
the study were removed at the proximal articular surface of the third metacarpal 
bone. The limbs were loaded using an Instron test machine. Radial hoof strain was 
measured during simulated walking in a midstance position using four calibrated 
instrumented plugs based on the design of Hobbs et al. (2004) and injection moulded 
from Vettec SuperfastTM. Ten replicates were recorded from two different plugs for all 
nine limbs at 120 Hz. For five of the limbs, strain was then recorded using a single foil 
gauge bonded to the flattened proximal surface of the stratum medium and with the 
dorsal hole filled with Vettec SuperfastTM Mean and standard deviations of the 
change in strain from the start to the end of the piston movement were calculated. 
Data were analysed using paired samples t-tests. 
Mean radial strain magnitudes using different plugs were not found to be significant (p 
= 0.366, p = 0.974, p = 0.482 for the inner, middle and outer gauges respectively). 
Mean ( ± SD) strain magnitudes in the stratum medium ranged from 515 ± 155με to 518 
± 273με (middle gauge for 9 limbs using all plugs), 516 ± 375με (for 5 limbs using 
bonded gauges) and 622 ± 312 με (middle gauge for 5 limbs using Plug 4 only). Larger 
variations in strain magnitude were found at the inner and outer gauge sites. 
The radial strain levels recorded using strain gauged plugs were similar in magnitude 
to those obtained using strain gauges bonded directly on the stratum medium and 
theoretical estimates. Radial strain appears to be sensitive to hoof stiffness, dorsal wall 
angle and the magnitude and direction of forces in the hoof wall, which may be 
studied further with refinements to current techniques.  
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Session 1 
Learning upright stance with externally rotated foot position 
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While many studies investigated basic control mechanisms or development of the 
quiet upright stance, few authors focused on the process of learning novel standing 
posture in adult human.  
We addressed this issue analyzing changes of the center of pressure (COP) during 
repetition of 30s quiet-standing trials with feet opening angle ranged from 135° to 
145°. 
Twelve young adult females constituted two groups: novice subjects with no specific 
training in balance control and trained ballet dancers. Novices performed 30 trials on 
each of three days separated by 48h. A retention session was performed 1 month 
later to test the performance consolidation. The consolidated performance of novices 
was compared to dancers performance executed in a single session of 30 repetitions. 
Participants stood barefoot on a force plate, and postural stability was estimated by 
computing the COP time series in antero-posterior (AP) and medio-lateral (ML) 
directions. Two categories of parameters were obtained from each of the two 
components of COP displacement, and from the 2D time series: time-domain 
measures for estimation of displacement changes of the COP and frequency-domain 
measures to evaluate frequency distribution variations of COP displacement (see 
Prieto et al., (1996) for an extensive description). 
The experience gained by novices after practice specifically affected time-domain 
parameters when measured in AP direction or across the 2D plane. Mean distance 
from the center of COP, root mean square of COP time series, ranges of COP 
displacement and area of the 95% confidence ellipse were significantly reduced after 
practice and maintained 1 month later (p < 0.05: paired t-test comparing first vs third 
session and first vs retention session). Area and frequency dispersion of the power 
spectrum density were also reduced but frequency bands parameters, such as 
median power frequency, mean power frequency and centroid frequency, remained 
unchanged after training.  
Interestingly, dancers showed statistically significant differences with respect to novice 
subjects (p < 0.05) for those parameters that were sensitive to learning in novices. Thus, 
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the control strategy adopted by novices to improve the performance was also used 
by dancers throughout many years of learning unusual postures.  
Overall, the presented results show that the control strategy during upright stance with 
externally rotated foot position, improves after three days of practice, and the novel 
strategy is maintained after 1 month. The ballet dancers exhibited better performance 
with respect to novices, but COP displacement parameters were more sensitive to 
learning than frequency-domain measurements in both groups. 
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Different cortical activation patterns due to two different 
proprioceptive modalities in ACL reconstructed patients 
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Purpose 
Researchers speculate about consequences at the cortical level due to a 
reconstruction of the anterior cruciate ligament (ACL). The aim of the study was i) to 
investigate changes at cortical level and ii) to look if two different proprioceptive 
modalities react in the same manner. Therefore EEG were measured during two 
sensorimotor tasks representing the joint position sense (JPS) and the force sensation 
(FS) in ACL patients and controls.  
Methods 
Ten patients 12,9 ± 4,9 months after ACL-reconstruction (26 ± 5 years; 76,3 ± 13,1 kg; 
181 ± 10 cm) and 12 healthy controls (24 ± 3 years; 75,5 ± 9,7 kg; 181 ± 8 cm) 
participated in the study. Tasks consist in active angle and forces of (50% of their 
MVC) reproduction without visual feedback in a sitting position. Both tasks were 
executed in random order with one week between the experiments and analyzed in 
a 2 (control limb vs ACL reconstructed limb) x 4 (trials á 3 min) design. Before each trail 
the participants performed the task five times with visual feedback. EEG recorded 
cortical activity at 17 electrode positions using international standards (10:20 System). 
FFT divided frequencies in Theta (4,75-6,75 Hz), Alpha-1 (7,0-9,5 Hz), Alpha-2 (9,75-12,5 
Hz) and Beta-1 (12,75-18,5 Hz). 
Results 
In JPS behavioural data show significant higher aberrations in the ACL-reconstructed 
limb (p < 0.05) compared to the controls. The brain activity results in significant higher 
frontal Theta power (F3: p < 0.05, F4: p < 0.01, F8:p < 0.01) in the ACL-group. Alpha-2 
power shows significant differences between the ACL and the control group at 
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parietal positions (P3: p < 0.05, P4: p < 0.05). In FS no significant differences between 
the groups were found neither in the performance nor at the cortical level.  
Conclusion 
The EEG was able to measure the influence of the reconstruction of the ACL in JPS at 
the cortical level. Furthermore the results show that FS was not affected. The results are 
discussed in terms of differences in focussed attention with involvement of the anterior 
cingulate cortex (frontal Theta) and sensory processing in the parietal somatosensory 
cortex (Alpha-2) (Gevins 1997; Smith 1999) as a part of a fronto-parietal network 
(Sauseng 2005). These network seemed to represent parts of the visuell-spatial working 
memory (Collette 1999; Kondo 2004). That lead to speculations of measurable 
different loads of the working memory depending on the proprioceptive modality.  
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Joint angles during stair climbing compared using two different 
measurements devices. 
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Biomechanical aspects of stair climbing have recently been studied using a 
laboratory staircase (2). Although this kind of research yield valuable information, the 
results only remain valid in conditions were no anticipation or reaction to a changing 
environment is required. Analyzing joint angles during stair climbing in a more real-life 
complex environment requires a mobile and lightweight measurement device. Inertial 
Measurement Units (IMUs) used to measure upper limb motion demonstrated to be 
accurate in estimating arm position (1). The objective of this study is to compare knee 
joint angles obtained from IMUs (MTx, Xsens Technologies B V, Enschede, the 
Netherlands) and an optical tracking device (Codamotion, Charnwood Dynamics, 
Leicestershire, UK) during stair climbing.  
A healthy male subject was asked to ascent and descent a staircase consisting of 
four steps during ten separate trials. A nylon lycra bodysuit with extra elasticized straps 
was used to hold the IMUs in place. Markers were fixed using double-sided adhesive 
tape. Knee joint angles were calculated from the position data of the active markers 
from the optical tracking device and Euler angles generated by the IMUs. Data 
obtained from optical tracking was resampled to be similar to the IMUs sample 
frequency of a 120 Hz. Missing data points were replaced by data points retrieved 
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from a linear regression between the two data points surrounding the missing data 
points. Patterns were compared by calculating Pearson’s correlation coefficient (r), 
mean difference between signals and standard deviation. Knee angle trajectories 
closely approximated each other. High Pearson’s correlation coefficients (0.963 < r < 
0.998) were found for all comparisons. Mean of the absolute difference between the 
two signals was averaged (3.5° ± 1.2). During all stair climbing tasks a mean maximum 
knee flexion of 85° ± 10 was found. In general the measurements obtained from the 
IMUs and optical tracking device were consistent with each other. In addition the 
IMUs were easier to set up and the data showed no missing data points in contrast to 
the optical measurement device. The IMU uses a sensor fusion algorithm where the 
measurement of gravity and magnetic north compensate for otherwise unlimited 
increasing errors from the integration of rate of turn data. This compensation can lead 
to temporal errors following high accelerations and may explain the found difference. 
IMUs are an acceptable alternative for measuring joint angles during stair climbing 
and provide us with the opportunity to perform measurements in complex real-life 
environments using a non constraining measurement device.  
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Gaze behavior and unwanted effects in aiming actions: Further 
evidence for Wegner’s theory of ironic processes 
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Introduction 
The instruction to avoid an action may ironically increase the tendency to engage in 
this action. Negative instructions can also lead to overcompensation during which 
one actually overacts the instruction in question. To explain ironic effects Wegner 
proposes that the system that normally monitors and corrects behavior when a 
mismatch between intended and actual behavior is detected, may sometimes fail 
due to an overload of attentional resources. With two experiments we investigated 
the relation between gaze, as operationalization of attention, and aiming behavior in 
golf putting when unwanted effects occur. 
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Method  
In Experiment 1, 9 novices and 9 professional golfers were tested. Participants 
performed three golf putts in three conditions on a carpeted indoor putting green 
with a standard golf putter to a white-painted target with the size of a golf hole at a 
distance of 1.80 m. The three conditions were: (1) make sure that the ball ends on the 
hole: ‘hole’ condition; (2) make sure that the ball ends on the hole, but be particularly 
careful that the ball does not end in front of the hole: ‘not-in-front’ condition; (3) make 
sure that the ball ends on the hole, but be particularly careful that the ball does not 
end past the hole: ‘not-past’ condition. In Experiment 2, 28 novices were tested under 
the same experimental settings as in the first experiment but now with additional 
mental load. 
Results  
Following Wegner’s theory of ironic processes in Experiment 1 we expected and found 
a tight relation between gaze and aiming behavior for ‘wanted’ effects (participants 
looked more on the center of the hole and performed well) and overcompensation 
effects (participants looked more in front of the hole and leaving the ball too short 
during the ‘not-past’ condition or they looked more past the hole and overshot the 
hole during the not-in-front condition). In Experiment 2 we also found ironic effects. For 
‘wanted’ and overcompensation effects results were similar to those of Experiment 1. 
For ironic effects we no longer expected a tight relation between gaze and aiming 
behavior as in this case there is a mismatch between intended and actual behavior. 
In line with this expectation, for some ironic effects gaze behavior was to a location 
where the ball eventually and ironically did not end. 
Conclusion 
Overall, this pattern of results concerning the relation between aiming and gaze 
behavior supports Wegner’s theory as explanation for unwanted effects. 
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Changes in actions when learning to use a new tool 
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People use most tools with an ease as if the implement is a part of the body. How do 
people learn to do this? In the current poster this is examined in the case of learning to 
use a pair of pliers. The motor challenge with a pair of pliers is that the location of the 
hinge determines the relation between speed and magnitude of the opening of the 
hand and the pliers. Therefore, picking up an object with a pair of tongs entails 
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calibrating the magnitude and timing of hand opening to the necessary opening of 
the tongs. 
In a first experiment, three groups of participants each used one pair of pliers: the 
hinge was close to the fingers, the hinge was in the middle or far from the fingers. An 
object was picked up repetitively in blocks of three sets and its size and distance 
varied over the blocks. In the first set the picking up was done with the fingers, in the 
second set with the pair of pliers, and third with the fingers again.  
Movement time was longer and the velocity profile was more asymmetric with pliers. 
In addition, pliers’ grasps exhibited a plateau phase in the finger opening. The effect 
of the hinge was canceled out by compensatory opening of the fingers, that is, the 
finger opening made the pliers opening almost equal to the opening of the fingers 
without a pair of pliers. The main difficulty in learning to handle the tool seems to be 
related to the timing of the opening: The more the movement of the end-effector 
differed from the movement of the fingers (i.e., when the hinge was not in the middle), 
the more difficult it was to coordinate the timing of the grasp with the reach.  
The setup of the first experiment, with a change between finger grasps and pliers’ 
grasps, together with the switch in object size and distance over blocks, might have 
clouded the calibration behavior. Currently, we are setting up an experiment in which 
participants use one pair of pliers to pick up one object at one distance repetitively 
for at least 50 times a day, for three days in a row. This experiment, ought to help us 
determine the changes in kinematics to calibrate to the properties of the tool, which 
should contribute to our understanding of how people learn to use a tool dexterous.  

The use of strategies in motor learning: Validation of a new 
questionnaire 

Andreas Bund, Josef Wiemeyer 
Institute of Sport Sciences, University of Darmstadt; Telephone: +49-(0)6151-166884; Fax: 
+49-(0)6151-163661; Email: abund@sport.tu-darmstadt.de  

Analyzing cognitive learning, strategies are an important topic of psychological 
research since many years. On the majority, studies are focussed on the relation 
between the use of learning strategies and academic achievement (e.g., Artelt, 2006; 
Zimmerman & Schunk, 2001) and the development and/or evaluation of strategy 
trainings (e.g., Schmitz, 2006). Numerous assessment procedures are available, mainly 
in the form of self-report questionnaires (for a current review: Spörer & Brunstein, 2006). 
By contrast, researchers in the field of motor learning has ignored so far this crucial 
aspect of learning. 
Thus, we developed a questionnaire to measure motor learning strategies. Based on 
the conceptions of psychological measures, five groups of strategies are 
differentiated: (1) Cognitive strategies, (2) Meta-cognitive strategies, (3) Management 
of internal resources, (4) Management of external resources, and (5) Motor strategies. 
Each group of strategies is measured by one subscale. Altogether, the instrument, 
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named ‘StraBL’ (abbreviation of ‘strategies of motor learning’ in german), contains of 
35 items. 
Using hypothetical learning situations, the StraBL questionnaire was evaluated in two 
studies. 
Study 1 
 The first study was conducted to test the factorial validity of the questionnaire. A 
sample of 170 university students (92 men, 78 women; M = 24.2 years) imagined how 
to learn skiing and then completed the StraBL inventory. An exploratory factor analysis 
led to a 5-factor solution with mean-ingful and relatively high (≥ 0.50 for 31 items) item-
factor correlations. This solution explains 53.2% of total variance. Further evidence of 
validity is provided by correlations between the use of learning strategies and goal 
orientations. The internal consistency (Cronbach) of the subscales ranged between α 
= 0.78 and α = 0.84.  
Study 2 
According to psychological research, the use of learning strategies depends on the 
learning context. The aim of this study was to examine if the strategies measured by 
the StraBL questionnaire are also context-specific. 240 university students (120 men, 
120 women; M = 24.4 years) learned hy-pothetically motor skills from different sports 
(swimming, athletics, skiing, table tennis, gymnastics, golf) and then responded to the 
StraBL questionnaire. The results revealed that most of the strategies (23 of 35) were 
used differently, depending on the sport skill which was learned. For example, the 
strategy “I practice single parts of the skill” was frequently used to learn athletic skills, 
but very rarely to learn golf or swimming. Thus, it seems that strategies of motor 
learning are related to the learning context as strategies of cognitive learning are. This 
argues for the (construct) validity of the StraBL questionnaire. 
 
The present instrument may be useful for research in sport psychology. However, in 
further studies it should be applied not only to university students but also to other 
groups of adults learners. 
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Relationship between menarche and anthropometric factors in 14 
female athletes of the age 15-17; longitudinal and correlation study. 

Burger Ch, Taeymans J, Duquet W 
Email: maichrisi@gmx.ch  

Objectives 
The aim of the study was to determine the relationship between weight, triceps 
skinfold (TSF), BMI and the age of onset of menstruation in young adult athletes.  
Methods 
The study includes anthropometric factors measured annually for three consecutive 
years. Using the anthropometric methods of Heath & Carter, 14 female sport students 
from the age of 15 to 17 were measured. In addition, a questionnaire was given to the 
athletes to find out the beginning of menarche. 
Results 
Analysis of the relationship between the three variables show that girls who matured 
later had the lowest body weight and the thinnest TSF, whereas the highest body 
weight and thickest TSF were a characteristic of those with the earliest onset of 
menstruation. This relationship was confirmed by a correlation between the age of 
menarche and BMI In all four variables, there was a normal distribution (Kolmogarov-
Smirnoff-test) and significant (p < 0.05) negative Pearson-Correlation.  
Discussion 
The present study demonstrates that the beginning of menstruation has a strong 
dependence on body adiposity. It collaborates suggestions of other authors 
indicating that an early age of menarche can be considered as one of the basic risk 
factors of obesity in adulthood. 
Keywords 
Menarche, female athletes, Anthropometry, BMI 
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In laterality research, handedness preference is recorded by a huge amount of 
different questionnaires. Occasionally it is argued that one item is sufficient to 
characterize the handedness preference, e. g. „Are you left-handed or right-
handed?“ (Preilowski, 1999). The preferred use of several items in questionnaires 
indicates some doubts about the reliability of using only one single item. The use of 
several items in a questionnaire, which specify the preferred use of handedness in 
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different motor tasks, however, permits a more reliable statement on handedness 
preference in general (mass effect, Peters, 1998). The rational behind using 
questionnaires with several items on different motor tasks is that handedness 
preference is a unidimensional trait. Up to now, the unidimensionality has only been 
examined by factor analysis. Unfortunately the data has not shown clear results. 
Results on different questionnaires either verified and falsified an assumed 
unidimensionality (Healey, Liederman & Geschwind, 1986; Williams, 1986). In our study 
it is assumed that divergent results are attributed either by sampling dependence or 
by the lack of differentiation of person and item parameters of factor analyses which 
has not been discussed so far. The assumed influence of these two aspects has been 
verified by the following probabilistic analysis. N = 540 subjects (303 male and 237 
female) between 17 and 37 years (M = 22.12, SD = 2.70) completed the German 
version of the Edinburgh Handedness Inventory (EHI, Oldfield, 1971). The principal 
factor analysis for the EHI extracts a 1-factor-solution with an eigenvalue λ = 6.04, 
which explains 56.34 % of the variance. Within the scale the items have a high internal 
consistency (Cronbach’s α = 0.93). However, the model validity tests in the Mixed 
Rasch analyses (information indexes BIC and CAIC as well as Pearson-χ 2- and Cressie-
Read-test statistics), which have been calculated with the software WINMIRA 2001, 
show that not a one-class solution has to be assumed. Instead a two or three-class 
solution emerged, and within each of them the one-dimensional Rasch model 
applies. Further analyses have shown that particularly the elimination of the answer 
category ‘0’ (the task is realized with both the right and the left hand) results in a one-
class solution, i. e. in a Rasch-homogenous questionnaire, which should be used in 
further laterality tests. 
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Comparison of neuronal activity in external cuneate nucleus, 
spinocerebellar cortex and interpositus nucleus during passive limb 
movement. 
A Casabona* 1, MS Valle 1, G Bosco 2, V Perciavalle 1 
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External cuneate nucleus (ECN) conveys an important sensory input to the 
cerebellum since it relays information about fore-legs, neck and fore-trunk. This 
information is encoded in the spinocerebellum considered crucial for the production 
of normal coordinated limb movements. The interpositus nucleus (IN) elaborates the 
output signals from spinocerebellum to regulate the motor commands. The present 
experiments were undertaken to study how the sensory representation about limb 
passive movements is processed in this transcerebellar pathway.  
We recorded extracellular activity in ECN (180 cells), spinocerebellar cortex (467 
Purkinje cells) and IN (97 cells) of anaesthetized rats. Neuronal discharges were 
monitored while a computer controlled robot arm imposing circular passive 
movements to the unrestrained forelimb along sagittal plane. 
We used the Wald-Wolfowitz runs test to identify cellular mean activity significantly 
modulated over a movement cycle. Among the recorded neurons, 88 ECN, 165 
Purkinje and 45 IN cells showed significant modulation along the trajectory. To 
summarize the variety of waveforms produced by the entire dataset of modulated 
neurons, we applied the principal component (PC) analysis. The first three PC 
explained 75% of the total variance. We correlated each PC with every cellular 
activity histogram, obtaining the weighting coefficients (r). We found that ECN and 
Purkinje cells had strong positive relationship with the first PC (explaining 43% of the 
variance) with weighting coefficients centered at r ≈ 0.90-0.95. Instead, IN population 
showed a moderate correlation for the first PC (centered at r ≈ 0.60), but a strong 
correlation with the second PC (explaining 24% of the variance) with weighting 
coefficients centered at r ≈ 0.90-0.95. 
Lastly, we used linear regression models to relate each PC to the limb kinematics, i.e., 
shoulder, elbow, wrist angular excursions and the variations of end point coordinates. 
We observed that the first two PC of the entire dataset fit global limb parameters (end 
point coordinates) better than individual joint angles. However, the first PC, 
representing mainly the ECN and spinocerebellar cells activity, was well correlated to 
the shoulder angle, whereas the second PC, representing IN activity, shows good 
correlation with elbow and wrist joint excursions. 
The results of this study suggest that ECN and spinocerebellar cortex represent the 
sensory signals from limb movement differently respect to the IN encoding. Although 
all these structures encode information relating the entire limb, ECN and 
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spinocerebellar cortex receive a significant contribution only from the shoulder, 
whereas IN incorporate information mainly from more distal joints. 

Intra-limb anticipatory postural adjustments prior to index flexion in 
man 
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paolo.cavallari@unimi.it 

Anticipatory postural adjustments (APAs) are unintentional muscular activities that 
precede the voluntary movement in order to set a fixation chain connecting the 
moving segment to a firm support and/ or to prevent the postural unbalance 
produced by the movement itself (Latash et al., 2005). APAs characterised by 
activation of muscles in different body segment (inter-limb APAs) are diffusely 
reported, however little is known about them in muscles controlling the posture of the 
same limb in which the movement develops (intra-limb APAs).  
In this context, the modulation of the EMG activity, occurring in different upper limb 
muscles before a voluntary index flexion, was analysed. The subjects (8) were 
comfortably sitting with their dominant forearm on the armchair and the back 
supported. In each trial, the onset and duration of the movement, as well as the EMG 
from the Flexor Digitorum Superficialis muscle (FDS), were recorded together with the 
EMG from one of the following muscles: Flexor Carpi Radialis (FCR), Biceps Brachii (BB), 
Triceps Brachii (TB) and Anterior Deltoid (AD). Latency measurement and amplitude 
calculation were performed after digitalisation and storage of individual EMGs and 
movement traces. 
Irrespective of the hand posture, when the index is flexed the FCR activity is always 
inhibited, before the contraction of the prime mover develops and contaminates the 
trace. With the hand prone, FDS activation is also preceded by an inhibition of BB and 
by a biphasic effect of TB (tiny inhibition plus strong excitation). On the contrary, when 
the hand is supine, BB is excited and TB only inhibited. The proximal muscle AD is 
instead inhibited when the hand is prone and excited when the hand is supine. 
These anticipatory responses show striking similarities to the ‘classical’ inter-limb APAs 
(see Baldissera et al., 2002): they are scaled with the intensity of the prime movement, 
they are sized by the biomechanical context and they change in sign when the 
movement direction is reverted. In conclusion, the potential role in stabilising the 
whole limb posture during single finger movement is discussed. 
References 
Baldissera, F, Borroni, P, Cavallari, P, Cerri, G (2002). Excitability changes in human 
corticospinal projections to forearm muscles during voluntary movement of ipsilateral 
foot. J Physiol. 15, 539, 903-911 
Latash, ML, Krishnamoorthy, V, Scholz, JP, Zatsiorsky, VM (2005). Postural synergies and 
their development. Neural Plast. 12, 119-130 



Poster Presentations 

 148 

Directionally specific preparatory activity 
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We investigated the tremor that occurred while participants pointed at a target and 
waited to point to another (known) target. Participants memorized and then 
performed simple series of pointing movements that included long pauses. The 
directions of the tiny movements occurring during the pauses were predictive of 
subsequent target-directed movements in a pattern that looked like ‘revving up’ 
before the intentional movement. 
Possible explanations of the effect include eye-limb coupling, as subjects look back 
and forth between the current and future target locations while pausing; selective 
changes in muscle stiffness, as in the establishment of a new equilibrium point (e.g., 
Feldman & Latash, 2005); the separate specification of direction and amplitude of 
movement (e.g., Bullock & Grossberg, 1988); and the need to inhibit a particular 
directed movement while still keeping it in mind. Follow-up studies have explored 
some of these possibilities.  
The discovery of directionally specific preparatory activity supports continuous flow 
models of human information processing (e.g., Coles et al, 1985) and suggests that 
the simple task of holding still before moving may provide a new window into the 
processes involved in the translation of intentions into actions. 
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The muscular failure classically has been explained as a consequence of 
predominant influence of the peripheral (metabolite accumulation, energy supply or 
depletion capacities) or central factors (neurotransmitters concentration, inhibition 
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reflexes). We hypothesize that fatigue and failure is a consequence of complex 
interactions between personal, task and environmental constraints. The objective of 
this research is to study muscular failure and fatigue as a self-organizing phenomenon. 
We analysed the kinematics of the isometric active upper limbs of 3 participants 
under a load of different intensities. The enhancement of fluctuations, critical slowing 
down and perturbation induced transitions were detected in the system showing that 
fatigue and failure are very likely induced by self-organizing dynamics of the affected 
subsystems. Additionally, we checked the hypothesis of universality for the muscular 
failure which states that if the critical behaviour of the system near the transition point 
is similar for different intensities then the transitions belong to a same class of 
universality and can be described by a same critical exponent, that is can be 
captured by a same model. The collapsed data showed that the transition curves 
collapse sufficiently close to a universal curve.  
This research is suggesting that the nature of failure and fatigue is a self-organising 
phenomenon and gives some evidence to develop this new perspective. 

Preparatory heart rate deceleration and focus of attention during 
balance beam performance 
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Preparatory heart rate (HR) deceleration is believed to be a marker of optimal 
functioning of attentional processes leading to excellent performance. According to 
the intake-rejection hypothesis (Lacey, 1967), HR deceleration occurs in tasks 
performed with an external focus of attention (intake task). In literature, this 
phenomenon has been studied in target sports (archery, shooting, golf, darts) but not 
in other sport activities, where attention also plays a crucial role. An external focus of 
attention has been associated with optimal balance performance (for review, Wulf, 
2001). However, sport related complex balance movements (e.g., gymnastics) have 
not been studied yet. 
The preparation period of an acrobatic element (flic flac) on the balance beam was 
studied in twelve female gymnasts. HR was measured beat-per-beat with a telemetric 
heart rate monitor and four time points during the preparation (T1:at the beginning, 
T2: mean during the first half, T3: mean during the second half, T4: at the end) were 
calculated in order to investigate the HR deceleration effect. 
A significant HR deceleration (F12,3 = 8.16, p < 0.001) was found during the preparation 
period of the attempts with a fall in the consecutive acrobatic element. No HR 
deceleration (F12,3 = 2.59, NS) was found in the attempts without a fall. These data 
suggest that preparatory HR deceleration is detrimental to the performance of 
complex balance movements. The findings also questions the generalization of the 
beneficial effect of an external focus of attention on balance. 
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The results of present study are conflicting with the assumed beneficial effect of HR 
deceleration and an external focus of attention on balance performance. An 
external focus of attention is defined as attention that is directed to the effect of the 
movements on an apparatus or implement. In present study, the balance beam is a 
static apparatus and as a consequence no additional information of the movement 
effect was possible. In literature, the beneficial effect of an external focus of attention 
has been demonstrated in dynamic balance tasks on a stabilometer, but not in static 
balance tasks. Moreover, several authors demonstrated that gymnasts shift their 
sensorimotor dominance from vision to proprioception, indicating that an internal 
focus of attention could be beneficial in balance beam performance. A direct 
manipulation of the focus of attention is necessary to further explore the role of 
preparatory HR deceleration on the performance of complex movements on the 
balance beam. 
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In human bimanual behavior, perfect symmetry is the exception rather than the rule. 
A typical asymmetry during rhythmic bimanual coordination is that the dominant (D) 
limb leads the non-dominant (ND) limb in time. Interestingly, directing (visual) attention 
to either limb has been shown to affect the relative phase dynamics in a manner 
comparable to handedness (e.g., Amazeen, Amazeen, Treffner, Turvey, 1997). From 
the perspective of coordination dynamics, these effects have been considered to 
result from asymmetries in the strength of interlimb coupling (e.g., the ND limb being 
influenced more strongly by the D limb than vice versa), which, theoretically, may 
improve the stability of coordinative performance. Alternatively, on the basis of recent 
results (De Poel, Peper, Beek, in press), we hypothesized that attention-induced 
relative phase asymmetries may also be engendered by an accompanying 
difference between the amplitudes (and hence the preferred frequencies) of the limb 
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movements. We conducted three experiments to examine those (not mutually 
exclusive) potential effects. 
In Experiment 1, participants performed in-phase and antiphase movements at two 
different frequencies, while the two lower arms oscillated at equal or different 
amplitudes (5 different amplitude ratios). Amplitude was prescribed for each limb 
using a display with near-to-instant feedback about the performed amplitudes for 
each half cycle. In Experiment 2, the same design was used while, additionally, 
participants had to focus their attention on either limb. Experiment 3 involved 
bimanual crank rotations, implying that the amplitude was fixed for each arm. Again 
participants had to focus attention on either limb. Thus in the latter case, solely the 
direction of attention varied.  
The results of these experiments revealed that variations in amplitude disparity had the 
expected effects on the relative phasing between the limbs. However, no compelling 
evidence was obtained for the interpretation that attentional asymmetry affects (the 
stability of) the relative phasing through an asymmetry in coupling strength. This 
indicated that the effects of asymmetric attentional focus on the interlimb phasing 
primarily resulted from (unintended) variations in the movement amplitudes of the 
individual limbs (with the attended limb’s amplitude being larger that that of the 
unattended limb). On a more general note, these results highlight that analysis of 
rhythmic bimanual performance in terms of compound effects at the level of the 
relative phasing alone is not always sufficient, underscoring the importance of 
complementary analyses of both the coupling and the component dynamics. 
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Athletic training for several sports comprises muscular conditioning for strength and 
resistance. Currently, trainers are interested in protocols that allow a reduced training 
time without losing in efficacy. Some of these methods include the pre-fatigue of 
antagonist muscles before the actual activity of the agonist muscles (super-set 
training, Maynard & Ebben, 2003). Indeed, several studies analyzed muscle activity 
after pre-fatigue due to co-contraction, but differences in experimental setting (load, 
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muscles, kind of contraction) make difficult to obtain a unique view (Baker & Newton, 
2005; Maynard & Ebben, 2003). The purpose of this study was to determine if the 
contraction of antagonist muscles modify muscular fatigue during agonistic 
performance. Surface EMG was used to estimate biceps brachii muscle fatigue during 
isometric contraction made with/ without previous contractions of the antagonist 
muscle (triceps brachii).  
Eight male body-builders, all right-handed, performed two training sets with a one-
week interval: a conventional training with isometric contractions of the biceps brachii 
muscles at 90% of their maximum (five 30 s contractions, each paused by 4 min 30 s of 
rest), and a ‘super-set’ training where a 30-s triceps brachii contraction at 90% of 
maximum was followed by the same patterns of contraction of the biceps brachii 
muscle (2 min of interval between each muscular contraction). Surface EMG of 
biceps brachii was recorded during contraction.  
Both protocols induced fatigue in the biceps brachii muscles, with a reduction in the 
median frequency of the EMG power spectrum as obtained by FFT Regression analysis 
showed that time explained 70-99% of the reduction in the median frequency. No 
constant patterns of muscular fatigue were found, with different right-left side 
behaviours in the same body-builder. Overall, in the right-side biceps brachii the 
‘super-set’ protocol was somewhat more fatiguing than the conventional protocol, 
while the reverse pattern was observed in the left-side biceps brachii.  
Pre-fatiguing the antagonist did not increase the negative effects of fatigue; this kind 
of exercise organization could be useful to develop motor patterns strategies for 
ballistic sports activities. Also, the super-set protocol allows the development of 
equilibrated forces in the involved joints.  
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Does low and high contextual interference lead to different levels of 
noise? 
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For motor skill acquisition and learning different approaches have been suggested. A 
unifying approach for several classical motor learning approaches on the basis of 
noise has been suggested most recently (Schöllhorn, et al., 2006). In the core of this 
suggestion most approaches for skill acquisition are considered as different levels of 
noise that result in different learning effectivity with a stochastic resonance like 
behaviour. Thus, only an optimal noise level can lead to maximal learning progress. 
The purpose of this study was to compare the levels of noise in the movement pattern 
during a learning process of the tennis serve on the basis of low and high contextual 
interference. 
Methods 
Two experienced male tennis players were asked to execute 20 serves in a row with 
overall 10 first/straight serves (a) and 10 second/topspin serves (b). Subject 1 
performed 20 serves under low contextual interference (blocked conditions: 10 x a, 10 
x b). Subject 2 performed first and second serves under high contextual interference 
(serial conditions: a, b, a, b etc.). A three dimensional video recording was used for 
data acquisition. Variables were joint angles and angular velocities of a 14-segment 
body model. The kinematical data served for calculating similarities in the movement 
patterns by means of a hierarchical cluster analysis. Additionally, target-precision-
data and ball-velocity were recorded. 
Results 
It was possible to identify the test persons via kinematical data in every single 
movement (assessment rate AR = 100%). An even more interesting result was the fact 
that the data of subject 1 (blocked) allowed for a clear differentiation of first and 
second serve. In contrast, the movements of subject 2 (serial) could not be separated 
into first and second serves. For subject 1 an increasing similarity during movement 
repetitions could be observed, even though a parallel improvement of ball-velocity 
and target-precisions could not be detected. Subject 2 showed fluctuating 
movement patterns in each technique, ball-velocities and target-precisions. 
Variances within each technique were mainly seen in the high contextual 
interference condition. The most successful serves (related to target-precision) of the 
same test person were the ones which showed the smallest similarity to all other serves. 
Discussion 
These results suggest that training under low contextual interference conditions is 
accompanied with low level of noise and, therefore, leads to increased stability in 
movement patterns. The findings for subject 2 provide evidence for the theory of noise 
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dependence of several learning approaches (Schöllhorn et al., 2006). In this case, the 
increased noise in the form of variation or differences between two subsequent 
movements during the training process has brought up a greater area of potential 
solutions. Consequently, these conditions should be accompanied with higher stability 
in the long term as it is observed in several contextual interference studies (Brady, 
2004). 
References 
Brady, F (2004). Contextual interference: a meta-analytic study. Perceptual and Motor 
Skills, 99, (1), 116-126. 
Schöllhorn, WI, et al. (2006). Does noise provide a basis for the unification of motor 
learning theories? International Journal of Sport Psychology, 37, (2-3), 186-206. 
Keywords 
contextual interference, noise, stochastic resonance 

Neural correlates of visual adaptation: An fMRI study 
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The ability of our sensorimotor system to adapt to visual and mechanical distortions is 
well established. However, neuroimaging studies investigating the underlying neural 
mechanisms yielded inconsistent data as to the number and location of pertinent 
brain regions. This might be due to a methodological reason: Most studies contrasted 
the adaptation condition with a control condition where no distortion was applied. In 
consequence, conditions differed not only by the absence of adaptation, but also by 
the magnitude of motor performance errors. In order to distinguish between 
adaptation-related and error-related activation, we now introduce a method which 
equates the errors in both conditions. We apply this method to compare the 
distribution of activated areas when adapting to different types of visual distortion.  
20 healthy subjects were scanned by fMRI during a tracking task. In the adaptation 
condition, visual feedback was distorted in proportion to hand position, or hand 
velocity. In the control condition, feedback was not distorted but target velocity was 
modulated such that the time-course of tracking errors approximated that under the 
visual distortions.  
We found that under the position-dependent distortion, adaptation-related neural 
activation was limited to the left supramarginal and angular gyrus. Under the velocity-
dependent distortion, activation extended bilaterally in the supramarginal gyrus, as 
well as in the left middle and right superior frontal gyrus.  
Our findings confirm that equating the errors in both conditions will yield an 
anatomically restricted activation pattern, and suggest that this pattern depends on 
the type of distortion. The additional recruitment in right parietal and bilateral frontal 



Poster Presentations 

 155 

areas under the velocity-dependent distortion might reflect a higher computational 
demand, or the involvement of different adaptive mechanisms. 

Why is manual performance with an isometric joystick 
impaired in hypergravity?  
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Introduction  
We have shown before that subjects exposed to three times terrestrial gravity (3G) 
produce exaggerated isometric forces in all directions of three-dimensional space. 
The present work investigates, whether this impairment is due to proprioceptive deficits 
(Exp1), increased cognitive demand (Exp2), a different level of arousal (Exp3), or 
vestibulo-spinal activity (Exp4), as all proposed in literature. 
Exp1: Using an isometric joystick, volunteers produced visually prescribed forces of 
different directions and magnitudes without visual feedback in normal terrestrial 
gravity (1G) and in 3G We analyzed initial forces 100ms after response onset, at which 
time proprioceptive corrections are not yet effective. Results revealed that force 
exaggeration is already manifest 100ms after response onset. Thus, G-related changes 
in force production are most likely of central origin, and not due to proprioceptive 
deficits. 
Exp2: We combined the joystick task of Exp. 1 with a secondary loading task (4-
choice-reaction). Both tasks were performed separately, as well as under dual task 
conditions, in 1G as well as in 3G Both tasks showed dual-task costs which, however, 
were independent of G-level. Thus, we have no evidence that exaggerated forces in 
3G are related to an increased cognitive demand. 
Exp3: We collected blood samples to analyze stress hormones before and after a 15 
min exposure to 3G Both epinephrine and cortisol levels were higher after 3G, 
suggesting an increased arousal, and possibly stress. 
Exp4: In a joystick task similar to Exp. 1, subjects produced forces while observing 
horizontal stripes which were either stationary, or moved upwards. The latter are 
known to stimulate the central vestibular system in a similar way as otolith inputs, and 
thus to induce an illusory downward self-movement (downward vection). Indeed, our 
subjects reported a compelling downward vection, and at the same time, produced 
exaggerated forces. This result suggests that force production is modified by 
descending vestibulo-spinal activity. 
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Conclusions 
Our findings provide evidence that exaggerated force production in 3G is probably 
due to increased vestibulospinal activity, and possibly also to an elevated level of 
stress. This outcome is relevant for jet pilots, since accurate motor performance is 
important for their safety during hypergravity manoeuvres.  
Keywords 
isometric force, high-G, hyper-G, dual-task, cognitive load, stress hormones, linear 
vection 
Acknowledgment 
This work was supported by the German Ministry of Defence, contract M/SAB1/4/A002. 
Responsibility for the contents rests with the authors. 

Optical flow stabilizes locomotion at transition speed 
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In a perception-action coupling perspective, many recent experimental studies have 
used virtual environment technologies to evidence the influence of visual information 
on human locomotion patterns (e.g., Warren et al., 2001). For example, Prokop et al. 
(1997) have evidenced that human participants tended to increase their speed when 
walking in a virtual environment simulating a slower displacement. In the same vein, 
Mohler et al. (2004) have shown that the speed at which the (preferred) walk-run 
transition occur can be affected by optical flow velocity, with large velocities 
inducing an earlier transition than small velocities. Here we evaluate the stabilizing role 
of optic flow on locomotor patterns at the preferred walk-run transition speed (TS). We 
measured both the kinematics of gait (Oxford Metrics Vicon system, 50 Hz), and the 
energy expenditure (ZAN 680) of walking participants in a virtual environment in order 
to investigate the specific relation between information (optical flow), locomotion 
(pattern stability) and efficiency (energy consumption). 
Seven subjects were instructed to walk on a treadmill in the dark, in front of a large 
screen (2.70 m x 1.95 m), on which three-dimensional optics flows were projected (a 
virtual corridor). The walk-run transition speed was computed for each participant and 
the treadmill speed was set up at TS during the entire experiment. Participants were 
instructed to locomote at their preferred pattern (walk or run), and to look straight 
ahead at the end of the virtual corridor. Four conditions of optic flow were tested: 
static or no flow (N), optic flow velocity consistent with the locomotion speed (C), 
optic flow velocity twice faster (F) or slower (S) than the locomotion speed. The results 
revealed that walk/run transitions were more frequent in (C) than in the other 
conditions, suggesting that optical flow contributed to stabilize locomotion (walking or 
running) when it was slower or faster than the transition speed. No significant 
difference between optic flow conditions was found in terms of oxygen consumption, 
but walking was found to be less demanding then running at the transition speed. All 
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together, these results suggest that optical flow stabilises locomotion when it is 
naturally unstable, i.e., at transition frequency, irrespective of energy consumption. 
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Introduction 
Efficient movement depends on afferent information. It is suggested that children, 
largely rely on visual feedback information for the control of movement. Postural sway 
experiments show increased sway when subjects are blindfolded (Bronstein, 2001; 
Klevberg & Andersen, 2002) The effect is most obvious for children aged between 2 
and 5 to 7(Brandt et al., 1976;Anderson, 2001). Since postural control is very important 
during walking, we want to investigate the effect of visual deprivation on the gait 
pattern of children.  
Methods 
In children with a normal gait pattern (n = 40, 3-10 years) gait was compared between 
3 different visual conditions: eyes open (EO), restriction of the lower half of the visual 
field (RLVF) and eyes closed (EC). An integrated set-up (6 infrared video cameras: 
Vicon® Mcam 60, 120Hz.; 2 force platforms: AMTI 0,4 x 0,5m, 1080Hz.) was used to 
record walking at self-selected speed. Step–time parameters and kinematic joint 
angles of the trunk, the pelvis, the hip, the knee and the ankle were calculated using 
the Vicon Plug-in-Gait® model. Differences between the 3 visual conditions were 
investigated using repeated measures ANOVA Age was included in the model as a 
co-variable.  
Results 
No differences are found in kinematic gait parameters between RLVF and EO With EC 
compared to EO we see significant differences in step-time parameters and range of 
motion of the pelvis, hip, knee and ankle in the frontal and sagittal plane. Age did not 
show a significant interaction with visual condition. 
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Discussion 
The most obvious difference between EC and EO is the large decrease in self – 
selected walking speed that results from a decrease in step frequency and stride 
length. Range of motion of the lower extremity joints is largely determined by speed. In 
order to better understand the effect of visual deprivation on gait, in the future also 
movement coordination will be investigating by inspecting angle – angle plots, phase 
plots and moment – angle plots.  
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Purpose 
Central (Electroencephalography = EEG) and peripheral (skin conductance level = 
SCL, heart rate = HR, temperature = TEMP, respiration rate = RESP) recordings were 
examined in novice and expert golfers during a golf putting performance. Aim of the 
study is to differentiate the skill level using neuromonitoring parameters (EEG, SCL, HR, 
TEMP, RESP) due to states of performance and rest. 
Methods 
Ten male experienced golfers (26 ± 4 years; 84,3 ± 8,5 kg; 188 ± 4 cm;7,6 ± 3,9 years 
golf experience; playing golf 13,8 ± 7 hours/week) with golf handicap of 8,3 ± 7,5 were 
compared to ten male novice volunteers (24 ± 3 years; 82,1 ± 3,1 kg; 183 ± 7 cm). 
Cortical activity was recorded with EEG (CATEEM, MediSyst Germany) using 
international standards (10:20 System) from frontal (F3, Fz, F4), central (C3, Cz, C4) and 
parietal (P3, Pz, P4) electrode positions during a 5x4 min putting series (P1-P5) with 2 
min rest (R1-R5) after each performance. The resulting power spectra were divided in 
4 frequency bands: Theta, Alpha-1, Alpha-2, Beta-1. Additional to that SCL, HR, TEMP 
and RESP were recorded (Nexus 10, Mind Media NL) during the task. GLM/MANOVA 
with repeated measures was conducted to detect differences between and within 
groups.  
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Results 
The statistical analysis demonstrates significant differences between both groups in 
performance (p < 0.001), SCL (p < 0.05) and in frontal Theta (Fz: p < 0.05) and parietal 
Alpha 2 power (Pz: p < 0.05). The comparison of performance and rest offers 
differences in HR (p < 0.001), RESP (p < 0.01) as well as systematic changes in the 
experts frontal Theta (F3, F4: p < 0.05)) and parietal Alpha-2 spectral power (P3, P4: p < 
0.05). There were no significant differences in Theta and Alpha-2 in the novices (F3, F4, 
P3, P4: n.s). 
Conclusion 
Neuromonitoring is a method to examine central and peripheral parameters and can 
be used to differentiate between skill levels and conditions in a golf putting task. The 
findings suggest that with increasing skill level golfers have developed task solving 
strategies which came along with focussed attention (frontal Theta, Smith 1999; SCL, 
Critchley 2002), an economy in neural activity (parietal Alpha-2, Haufler 2000) during 
sensory information processing and that lead to more successful performance. 
Furthermore the EEG parameters suggest that experts are able to activate and relax 
depending on the condition. The novices failed in developing such a strategy. 
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The prevalence of obesity in children and adolescents is increasing enormously and 
causing high costs in the Health System. Purpose of the study was the examination of 
the metabolism in obese children and adolescents as well as the effects of a 
treatment in a pediatric rehabilitation clinic on their physical capability.  
In 87 patients aged 10 to 19 years, BMI, body composition, lipoproteins, insulin 
resistance, thyroid hormones and leptin were assessed at the beginning and end of a 
4-6 week in-patient treatment.  
The arithmetic mean of the insulin resistance at the beginning was increased. In 
addition to the expected weight loss there was a significant reduction in cholesterol, 
LDL, triglyceride and the Cholesterol/HDL-quotient (each p < 0,001). Significant 
reductions were also found in fasting insulin, HOMA, leptin and TSH (each p < 
0,001).The physical fitness which did not correspond to the average age was 
improved decisively.  
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Significant protective improvements can be reached by intensive interdisciplinary 
treatment within few weeks. The treatment can reduce risk factors for metabolic 
syndrome and cardiovascular diseases such as the insulin resistance. This study is the 
most intensive exercise intervention that has ever been implemented in children 
entirely in line with the recent recommendations of Strong et al. (2005). 
Keywords 
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The poster presents the results of a computer simulation regarding the functioning of a 
gait trainer (gait simulator) for neuro-motor disabled persons. The gait simulator was 
developed at the Polytechnic University of Bucharest in collaboration with a 
foundation for persons with neuro-muscular disabilities and with several industrial 
companies. The simulator is intended to help disabled patients (with severe paralysis) 
to recover partially or totally their previous physical condition by simulating the human 
gait and stimulating neuromuscular activity. This is achieved by simulating gait 
movements of the lower and upper limbs and through nerve electric stimulation. The 
main purpose of the gait simulator is to accurately reproduce the human gait. 
Another helpful feature is the real time measurement and recording of kinetic and 
dynamic parameters such as: joint angles, reaction forces, velocities and 
accelerations.  
The main purpose of the computer simulation was to verify the kinematics of the gait 
simulator, the dynamics of various mechanical parts, the loading on the joints and the 
necessary power to drive the simulator. Also the simulation was able to show the 
similitude between real gait patterns and the simulated ones.  

Simultaneous processing of visual information and planning of hand 
movements in a visuo-manual search task 

Hanneke Liesker, Jeroen BJ Smeets, Eli Brenner 
Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam; Telephone: +31-20-598262; Fax: +31-20-5988529; Email: h.liesker@fbw.vu.nl 

When searching for a target with eye movements, saccades are planned and 
initiated while the visual information is still being processed. If hand movements are 
needed to perform a search task, can they too be planned while visual information 
from the current position is still being processed? To find out we studied a visual search 
task in which participants had to move their hand to shift a window through which 
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they could see the items. The task was to find an O in a circle of Cs. The size of the 
window and the sizes of the gaps in the Cs were varied. Participants made fast, 
smooth arm movements between items and adjusted their movements to the window 
size when on the items. On many trials the window passed the target and returned, 
indicating that the next movement had been planned before identifying the item that 
was in view. 
Reference 
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Dynamic balance performance facilitates supra-postural activity 
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Objective 
The integration of postural control as motor task and concurrent cognitive demands 
as secondary task or supra-postural task is rather complex. Riley et al (2003) postulate 
an inverse relation, whereas Huxhold et al. (2006) identify a U-shaped-relation. The 
type of control that is optimal depends upon specific constraints of the person, task 
and environment (Riccio, 1993). It is integrated within a functional context of various 
supra-postural behavioral goals (cf., Riccio & Stoffregen, 1988). In our opinion, 
dexterous postural control is not autonomous but is part of a broader action-
perception system (cf., Mitra, 2004; Bootsma, 1998). It might be conceptualized in 
terms of affordance exploitation (Riccio, 1993; Stoffregen, 2004) or in an approach of 
functional integration (Stoffregen et al., 2000). 
Methods 
The participating students (class 3: N = 12) underwent several trials at three days. 
During the first and fourth trials the students were asked to maintain standing balance 
on a balance disc (gyroscope; cf., Wagner et al., 2003). In the second and third trials, 
the students executed extra tasks, while standing on the gyroscope. One task 
involved mental arithmetic, while in the other task subjects searched for and counted 
symbols within a block of text. On the second and third day the students participated 
at a special exercise program for arithmetic resp. searching before solving the extra 
tasks on the second trial. The duration of each trial was 45 seconds, during which data 
were collected from the balance disc. We evaluated the performance of postural 
control through the quotient of the time the child stood on the gyroscope (tBal., netto, [s]) 
and the deviation of the angular rates (RMSphi, theta [°]). Cognitive performance was 
judged by the relative error and the average time. 
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Results 
The performance of postural control was influenced by the visual search task. 
AMANOVA (task: arithmetic vs. searching; exercise: arithmetic vs. searching; days: 1. – 
3.) revealed a main effect for task (F(3,99) = 8.26; p < 0,001). Stability was greater 
during the search task (post-hoc-test: LSD). Analysis of cognitive performance showed 
significant differences only for average time of searching tasks. 
Discussion 
The results are consistent with former studies (e.g., Lippens 2005) and confirm the idea 
of functional integration of postural control (e.g., Stoffregen et al., 2000) by a 
conventional approach to analyze postural sway. In our latest studies, we try to find 
out how both deterministic and stochastic features determine the data of the 
balance-disc under a dynamic system approach. Therefore we apply a recently 
established analysis method (Friedrich et al., 2000) where the process of movement is 
interpreted as a diffusion process and described by a Langevin equation. 
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Centric relation and rotation: an evaluation during mandibular 
border movements in healthy subjects 
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Unambiguous evidence of pure rotation of a mandible placed in centric relation (CR) 
has never been provided in living subjects. The aim of this work was to quantitatively 
assess the percentage contribution of rotation and translation in the maxima of 
standardized mandibular movements started from InterCuspal Position (ICP) and from 
CR position. The null hypothesis was that no significant differences are measurable in 



Poster Presentations 

 163 

terms of rotation and gliding components between CR and ICP in toothed living 
subjects. 
Five adult healthy men volunteered for this study. Mandibular border movements of 
open-close, laterotrusion, and protrusion were recorded via an optoelectronic device. 
Four acquisition for each subject were made from an operator induced CR position, 
using the bimanual manoeuvre (Dawson’s method); other four acquisitions were 
made from ICP Acquisitions were made by two different operators in two different 
sessions. For each subject, mandibular motion was cleaned from head and shoulders 
movements, the movements of the interincisor point were reconstructed and the 
rotational and translational components were calculated for each frame of motion, in 
particular in the instants of maxima. 
The 2-way ANOVA applied to the percentages of rotation revealed that, for every 
movement, the influence of the operator in positioning each subject in CR was 
negligible, while there were significant differences between subjects (p > 0.05). 
No significant differences (1-way ANOVAs, p > 0.05) were found between CR and ICP 
originated movements regarding the displacement of the interincisor point, the 
degree of rotation and the percentage contribution of rotation. No movement or 
portion of movement was ever performed as a pure rotation; translation contributed 
for at least 17% of the movement in every instant of maximum. 
In conclusion the experimental protocol proved to be repeatable, CR position was not 
operator-dependent, rotation and translation components were not different 
between CR and ICP originated movements and there was no evidence of a purely 
rotatory phase in any of the movements originated from CR and ICP 
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Grasping partly occluded objects  
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People act on, and manipulate numerous objects each day, but most of them are 
hardly ever completely visible. Imagine for example a carton of juice on a full 
breakfast table. Its base and rearside may not be visible due to your viewing angle 
and other parts of the carton may be hidden from view due to the presence of other 
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Intermediate objects on the table. Despite all this, we don’t experience the carton as 
being fragmented or incomplete and we are well able to pick up the carton to pour 
out some juice. In this study, we aimed to find a paradigm to test amodal completion 
in action and to test how partly occluded stimuli are used for action. To this aim, we 
performed two experiments, a pantomimed grasping experiment, and a perceptual 
experiment. Stimuli were partly occluded cylindrical objects with indentations (or 
protrusions) at regular intervals along the contour that could diverge into two 
plausible completions: a local completion, comprising a linear continuation of the 
partly occluded contours behind the occluder, and a global completion, which 
revealed a continuation of the indentations behind the occluder. This perceptual 
ambiguity of the stimuli was confirmed by the perceptual experiment (N = 20). Twenty-
eight participants took part in the pantomimed grasping task. In this experiment, after 
the partly occluded stimulus was projected for 500 ms, participants pantomimed 
grasping a partly occluded cylindrical object. We recorded grasping kinematics, and 
analysed two kinematic measures. An early kinematic measure (the amplitude of the 
first peak of the aperture acceleration) and a later kinematic measure (Max. 
Aperture) were taken to reflect what interpretation of the width of the stimulus 
participants used to plan and execute their grasping responses to. Our results showed 
that this pantomimed grasping task is an effective tool to study the effects of amodal 
completion on action. Furthermore, we suggest an alternative kinematic measure to 
study motor control processes that occur before or early on in the grasping response.  
Keywords  
Occlusion, Amodal Completion, Perception, Grasping, Kinematics, Visuomotor control 

Cycling as a culturally formatted act 
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Department of Sport Science, University of Bremen, Germany; Fax: +49-(0)421-2184577; 
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Sport and human movement is an element of culture. Sport and human movement 
matters besides text, symbols or language especially within perception, within change 
and within representation of culture, as we represent ourselves through the body. 
When we watch different cyclists (e.g., in Bremen, Germany and in Tōkyō, Japan, or 
just Mountainbiker compared to citybike-cyclists) one can surely say that they move 
differently, even though both do actually nothing more than pedaling. Cycling could 
therefore be a cultural [social] formatted act (Fikus & Schürmann, 2004), a cultural 
(social) phenomenon. 
My hypotheses states, that human movement is realised differently depending on the 
cultural context and that individual senses can be recognized in human movement 
itself. 
There is a strong interrelation between sport, culture and technology (Moritz, 2003). In 
accordance with Bourdieus ‘concept of incorporation’ (Bourdieu, u.a. 2001; Jäger 
2004) and the ‘diacritic approach’ (Fikus & Schürmann, 2004) this project tries first to 
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decipher the human movements’ inherent ‘cultural’ (social) code. Secondly – in 
accordance with the system-dynamic-approach – it tries to show that human 
movement is realised differently, flexible and spontaneous through self organisation 
and in dependence of the surrounded cultural context (including constraints, see 
Newell, 1986) at the same time.  
The ‘cultural code’ emphasizes structures of meaning and therefore the question is of 
interest: that and why human movement (here: cycling) is what it is, whether you are 
in Tōkyō (J) or Bremen (D) or whether you cycle on a mountainbike or a citybike. 
Besides the outer characteristics there are also the inner meanings, which should 
present the cultural code.  
The poster will show the results which have been recovered within the main inquiry in 
Tōkyō (J) and Bremen (D). This inquiry combined qualitative and quantitative methods 
to get individual meanings on cycling, which shall be recovered in the movement 
itself as well. The results are going to be connected to and discussed within the system 
dynamic approach.  
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Attentional influences on normal and pathological gait 
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People who suffer from low back pain (LBP) exhibit an abnormal gait pattern, 
characterized by shorter stride length, greater step width, and impaired thorax-pelvis 
coordination with may undermine functional walking. Consequently gait in low back 
pain may require stronger cognitive regulation compared to pain free subjects [1,2]. 
On the other hand it is also known that chronic pain in general has a strong 
attentional component, sometimes manifested as hypervigilance to pain-eliciting 
conditions [3].  
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We examined whether an attention demanding secondary task during walking would 
a) interfere with walking or b) temporarily facilitate walking in LBP patients, resulting in 
more ‘natural’ gait. 
Twelve LBP patients and twelve controls participated. Subjects walked on a treadmill 
at comfortable speed, under varying conditions of attentional load: (a) no secondary 
task, (b) naming the colors of squares on a screen, (c) naming the colors of color 
words (‘color Stroop task’), and (d) naming the colors of words depicting motor 
activities. Markers were placed at the thorax, pelvis and feet. Motion was recorded 
using a three-camera SIMI system with a sample frequency of 100 Hz.  
We calculated means and standard deviations of stride length, stride frequency, step 
width, and the relative phase between pelvis and thorax rotations in the transverse 
and frontal plane, as a function of experimental condition. The largest effects of 
attentional interference were found on variability of step length and on variability of 
thorax-pelvis coordination, suggesting a stronger cognitive regulation of gait 
coordination in LBP compared to healthy participants.  
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Adaptation of prehensile movements to distorted object orientation 
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A wealth of investigations examined sensorimotor adaptation to visuomotor rotations 
during pointing or tracking movements. In contrast, little is known about adaptation 
when subjects execute grasping movements. Here we determine the time-course of 
grasping adaptation to a visual-haptic conflict of object orientation, and its transfer to 
pointing movements. 
Righthanded participants saw the mirror-images of 3D objects (VisObj) in the same 
location where haptic objects of the same size and shape (HaptObj) were presented. 
They were instructed to seize them with their right thumb and index finger. The 
participant’s grasping hand disappeared from view behind the mirror just prior to 
contact with HaptObj, thus assuring that only tactile but not visual feedback was 
available about the orientation of HaptObj and about finger contact.  
In the baseline condition (BL), the orientation of HaptObj was identical to that of 
VisObj. In distortion conditions (DIS), the orientation of HaptObj in the plane of 
grasping differed from VisObj: In group A (n = 12), it was rotated first by -15° and then 
by -30° with respect to VisObj. In group B (n = 9), it was rotated first by -15° and then by 
+15°. In the transfer condition, subjects executed center-out-and-back pointing 
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movements to four targets in the grasping plane, three times per target. This condition 
was administered before as well as after DIS. 
Movements were recorded with sensors attached to the nails of the thumb and index 
finger (Fastrak, Polhemus®; resolutions: 60 Hz and 1 mm). The extent of adaptation was 
quantified as terminal grasp orientation between the subject’s thumb and index finger 
in the grasping plane, just prior to contact with HaptObj. Transfer was quantified as the 
difference in end positions of pointing movements after vs. before DIS.  
During the first part of DIS, both groups achieved about 80% adaptation within 20 
movements, followed by a gradual change towards 100%. During the second part of 
DIS, subjects from both groups continued where they left off at the end of the first part, 
and then gradually changed their grasp orientation to adaptively compensate for the 
second imposed rotation. While group A achieved 100% adaptation, group B 
reached a level of 55%. No differences in pointing movements emerged between 
pre- and post-adaptation tests. 
We conclude that adaptation of the grasp component to distorted object orientation 
seems to be a gradual, additive process, as described earlier for the adaptation of 
pointing and tracking movements to visual rotations [1]. While pointing adaptation 
transfers to tracking and vice versa [2], we found no transfer from grasping 
adaptation to pointing. Our findings therefore don’t support the existence of a 
common adaptive mechanism. 
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Recognition of jumping patterns in volleyball after traditional and 
differential strength training by means of artificial neural nets 
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Adding noise to a learning environment may enhance motor skill acquisition and 
learning (Schöllhorn et al. 2006). Even in rather conditionally oriented training of 
jumping strength, additional noise in form of differential training leads to positive 
effects in comparison to traditional training (Jaitner & Pfeiffer 2003). While previous 
studies exclusively concentrated on the result of the movements, the performance of 
the athletes considering form changes in coordination are widely neglected. The aim 
of this study was to analyse changes in jumping techniques in volleyball after different 
forms of strength training by means of artificial neural nets.  
Within a pre- posttest design 13 male and 14 female volleyball players (regional to 
national level) participated in a 10 week jumping strength training program. After 6 
weeks of general strength training, participants were divided into 3 groups and 
performed 80-100 plyometric jumps over hurdles and boxes per training session. Group 
T (traditional) was provided with unchanging sequences and heights of boxes and 
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hurdles, whereas for group D (differential) the sequence and the heights were 
randomly determined with the help of a computer program, considering that the 
average heights were equal for both groups. Group C (control) had no intervention. 
Pre- and posttests consisted of standard jumping tests and a step to jump, from which 
the time courses of the ground reaction forces (GRF) were derived with a Kistler force 
plate (1000 Hz). On the basis of the GRF person recognition rates were calculated for 
the pre- and posttest with a multilayer perceptron (MLP) and learning vector 
quantization (LVQ) (Haykin, 1998). 
The recognition rates decreased only for group D significantly from 97.2% to 91.3% 
(MLP), and from 87.0% to 61.0% (LVQ), and solely group D enhanced jumping height in 
the step to jump condition significantly. As the decrease in the recognition rate 
symbolizes intra-individual changes of the GRF patterns, a learning process can be 
identified. No significant differences were identified in the standard jumping tests. 
Results may support the assumption, that, due to changes in techniques, differential 
training improved jump heights in volleyball, and was accompanied by equal 
improvements in the simple jump height condition in contrast to traditional training.  
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Postural constraints to hand-foot coupled movements 

Fausto G Baldissera, Viviana Rota, Roberto Esposti 
Istituto di Fisiologia Umana II, Università di Milano, Via Mangiagalli 32, 20133 Milano, 
Italy; Telephone: +39 (0)2 50315460; Fax: +39 (0)2 50315471; Email: 
fausto.baldissera@unimi.it 

When sitting on an armchair and rhythmically oscillating one foot, the excitability of 
flexor and extensor muscles of the resting ipsilateral forearm is subliminally modulated 
in a reciprocal way, increasing in each muscle when the ‘isodirectional’ foot mover is 
activated [1]. In a less stable postural context and using the hand for postural support, 
those forearm subliminal changes are transformed into overt activities, featured as 
Anticipatory Postural Adjustments (APAs) [2]. We report here evidence for the reverse 
correlation, i.e., that oscillations of one hand in the parasagittal plane are 
accompanied by overt activities in the foot flexors and extensors. 



Poster Presentations 

 169 

Ten subjects standing with their right arm vertical, elbow flexed at 90° and forearm 
directed forward, either prone or supine, performed series of 15-20 impulsive flexions or 
extensions of the wrist. Movements rate was 0.2Hz. EMG from the prime movers 
Extensor and Flexor Carpi Radialis (ECR /FCR) as well as from ipsilateral Tibialis Anterior 
(TA) and Soleus (Sol) was recorded and averaged, triggering on the onset of the 
prime mover burst. 
When the wrist was upward rotated, TA EMG was activated synchronously with the 
bursts in ECR if the hand was prone and FCR if it was supine. Conversely, during 
downward wrist rotation, Sol EMG activation accompanied the bursts of FCR (hand 
prone) or ECR (hand supine). In both situations, those leg muscle were excited that 
would act as to rotate the foot isodirectionally with the actual hand movement.  
The hand-related activation of leg muscles was only visible when the background 
contraction, in either TA or Sol, was kept to a minimal level by properly shifting the 
centre of pressure. Activation, moreover, underwent progressive adaptation, usually 
disappearing after some dozen of movements. 
When the hand (either prone or supine) was oscillated rhythmically, EMG in TA and/or 
Sol was modulated sinusoidally, the excitatory half-cycle being linked to activation of 
the ‘isodirectional’ forearm muscle.  
Leg muscles activation, either impulsive or cyclic, was more consistently observed in 
TA (9/10 subjects) than in Sol (6/10). Moreover, in 8/10 subjects APAs in a given leg 
muscle were coupled to one or the other wrist mover burst depending on the prone or 
supine position of the hand. 
It is proposed that these activities, together with those observed in the forearm muscle 
during foot movements [2], may favour isodirectional and hinder antidirectional 
coupling of ipsilateral hand and foot. 
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Center of mass movements during the execution of traditional karate 
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In Shotokan karate, the performance of most techniques is made with flexed lower 
limbs. Consequently, the movement lowers the Center of Mass (COM) that should 
remain at the same level during all the performance. In the current study, COM 
movements were analyzed during the performance of a sequence of different karate 
techniques. 
Two 5th, one 4th and one 2nd dan black belt male karateka were filmed while 
performing a sequence of techniques: two forward attacks (oi-tsuki, gyaku-tsuki), one 
backward blocking technique (uchi-uke) with two backward punches (kizami-tsuki, 
gyaku-tsuki), a forward kick (tsugi-ashi mae-ashi mawashi-geri) followed by a punch 
(gyaku-tsuki). Each karateka repeated this sequence ten times. On each karateka, 
the 3D coordinates of 13 body landmarks (nasion; right and left: lateral malleolus, 
fibular head, greater trochanter, acromion, olecranon, styloid process of the radio) 
were recorded by an optoelectronic motion analyzer, and a 3D reconstruction of the 
movement was performed. Using anthropometric data and biomechanical 
calculations (Manarini Merri, 1999; NASA), COM position was estimated on each 
karateka. Data were filtered, interpolated and normalized to standing height, and 
COM variations on the vertical plane during the sequence of karate techniques were 
calculated relative to the starting position (zenkutsu-dachi, ghedanbarai). Moreover, 
the velocity and the length’s movement of COM were calculated. 
COM variations resulted homogeneous (coefficients of variation between 17 and 
24%), and ranged from 14 to 20% of the subject’s height. During the execution of 
gyaku-tsuki, the COM reached its minimum height relative to the starting position, 
ranging from 0.1% (M3, 4° Dan) to 2.5% (M1, 5° Dan) of standing height. During the 
execution of the kick technique (mawashi-geri), COM raised from 11% (M1) to 16% 
(M4, 2° Dan) relative to starting position. In conclusion, the system permitted to 
measure COM variations during the execution of basic karate techniques. The 
method could support masters and coaches in finding out those movements that 
need to be mostly improved. 
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Mental inducement of cognitive and motor tasks in a multiple-sender 
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Introduction 
Mental inducement between two human beings has been widely explored in 
psychological tasks, like card guessing, mind-machine interaction, etc. (e.g., Honorton 
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1985). The aim of the available study was to develop an automated procedure 
testing mental inducement between two subjects in cognitive and motor tasks to 
explore a feasible advantage in sports application. In addition, characteristics for 
positive inducement shall be extracted indicating if special coach-athlete 
relationships could benefit mental inducement.  
Methods 
17 voluntary female sender-receiver pairs participated in the study. In sum, 30 
experimental series were absolved. Subjects were placed in separated rooms 
excluding sensory transmission between them after completing a questionnaire 
concerning their relationship. Receivers absolved two tasks including colour-guessing 
and a coordinative motor task which was arranged as 2-factorial design (1. ‘Sending’ 
and 2. ‘Receiver´s expectation of Sending’). Receivers got procedural information by 
head-phones and additional notification if the sender will influence him (or her) by 
mental transmission or not. Note, ‘placebo-conditions’ were attached meaning that 
receivers were ‘blind’ to the real condition. The procedure was accomplished 
automatically by LabVIEW 7.1 randomising the conditions of the motor tasks, the 
sequence of the repetitions in one task and the recreation time between the 
repetitions after being started by a ‘blind’ experiment leader. ‘External’ (goniometer-
time-series) and ‘internal’ (EMG) parameters were analysed. According to Winer 
(1971) data was analysed by a three-way variance analysis (Subject * Sending * 
Receiver´s expectation of Sending) including repeated measures on the last two 
factors. Significance level was set to p < 0.05. 
Results and Conclusion 
Colour-guessing results could not confirm previous studies which describe direct hit 
rates of 33% while 25% (e.g., Honorton 1985) means chance expectation. Concerning 
the motor task, goniometer parameters showed a significant main effect on 
‘Receiver´s expectation’ and a significant interaction between ‘Receiver´s 
expectation’ and ‘Subject’. In contrast, the area of EMG rectification showed a 
significant main effect on ‘Sending’. This shows that the distinction between internal 
and external parameters may be important. In addition, ‘friendship’ has influence on 
the factor ‘Sending’ and the interaction between ‘Sending’ and ‘Receiver´s 
expectation’ while ‘success in colour-guessing’ has not.  
Further research is needed to consider the replicability and to include coach-athlete-
relationships as sender-receiver pairs.  
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Effects of spatial and temporal constraints on the dynamics of 
rhythmical aiming 
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The relation between the time necessary to point at a target and the corresponding 
spatial variability is an important issue when trying to understand how humans control 
their movements. This issue has been extensively addressed via experimental 
manipulations of relative spatial or temporal constraints, but in relatively disjointed 
experimental and theoretical frameworks. 
Using a spatially constrained paradigm, Fitts [1] showed that movement time (MT) 
increases as a linear function of the amount of information (labelled ID for index of 
difficulty) that specify the requested relative spatial accuracy. The so-called Fitts’ law 
holds for discrete and rhythmical movements as well, but movement kinematics is far 
more influenced by task difficulty in rhythmical movements. When ID is raised, 
kinematics profiles gradually change from continuous oscillation towards a 
concatenation of discrete units, which provides important information about 
movement organisation [2].  
Using a time constrained paradigm, Schmidt [3] showed that the effective index of 
difficulty increased with the imposed MT This result indicates that the informational 
logic of Fitts’ law can hold in a time constrained paradigm, but detailed comparisons 
still lack to ensure that spatial or temporal constraints similarly influence movement 
organisation, especially at the level of movement kinematics.  
Participants were instructed to perform a reciprocal aiming task between two targets 
separated by 60° as fast and as accurately as possible. In a first session, we 
experimentally manipulated spatial constraints and measured the resulting movement 
time (i.e., target width of 15°, 7.5° and 3.75° were imposed to participants). In a 
second session, we manipulated movement time and measured the resulting spatial 
accuracy (i.e., fast, medium and slow pace were imposed to participant). To allow 
comparison between the two sessions, MT measured in the first session were used to 
set the metronome in session 2.  
As expected, MT linearly increased with the effective index of difficulty in both 
sessions. Kinematic analyses revealed that, as task difficulty or MT increased, 
movement continuity decreased, kinematic profiles gradually changed from 
continuous towards discrete in a very similar fashion: Velocity profiles became 
asymmetric with an earlier peak velocity and Hooke’s portraits deviated from straight 
line, reflecting the influence of non-linear terms in limit cycle modelling of movement 
dynamics. 
Taken together, these results show that manipulating spatial or temporal constraints 
lead to similar changes in kinematic profiles. This suggests that the dynamics that 
underwrite the spatially constrained or temporally constrained rhythmical aiming task 
was the same. 
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Adaptation of grasping movements to inverted object size 
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It is well established that human pointing and tracking movements adapt to various 
visual distortions. We have shown that grasping movements adapt to an increase or 
decrease of visual object size (Weigelt and Bock 2007) as well as to distorted object 
orientation (Poster by Weigelt et al. at this meeting). The present study extends this 
work by evaluating the adaptation of grasping movements to an inversion between 
visual and haptic object size. 
12 healthy, naïve, right-handed subjects were instructed to grasp with their right 
thumb and index finger dowels of 1 or 4,5 cm diameter, presented in three possible 
locations. For each trial, a dowel was raised above a level workplane by pneumatic 
action; subjects couldn't see the their hand nor dowel, but they saw a visual disc 
appearing at the dowel's location. At the end of each trial, the dowel retracted and 
the visual disc disappeared. During baseline trials, disc and dowel has the same size. 
During adaptation trials, the large disc always appeared together with the small 
dowel, and the small disc with the large dowel. The positions of thumb and index 
fingertip were registered by the Fastrak® system at 60 Hz, and peak grip aperture 
(PGA) was calculated as the maximal distance between thumb and index finger on 
each trial. 
During the baseline phase, PGA was distinctly modulated by disc size. During the 
adaptation phase, subjects increased within a few trials their PGA in response to small 
discs (and large dowels), but they didn't decrease their PGA in response to large discs 
(and small dowels). 
Our results agree with the earlier finding that an adaptive increase of PGA is faster 
than an adaptive decrease (Säfström and Edin 2004; Gentilucci et al. 1995). However, 
the difference between increase and decrease was so pronounced in the present 
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study that it may not be attributable to adaptation per se, but rather to factors such 
as a preference for large safety margins, or the alerting role of large visual stimuli. 
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The association between motor unit synchronization and fatigue 
induced force tremor and its dependency on recording location 
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More often than expected by chance, action potentials may simultaneously evolve 
in different motor units (MUs). Such motor unit (MU) synchronization is the result of 
commonality in the pre-synaptic input to motor neurons and has generally been 
considered to play a role in fatigue induced force tremor. However, experimental 
studies have not been able to show this so far. Moreover, the amount of documented 
increase in MU synchronization with fatigue varies largely, possibly due to 
inhomogeneous muscle activation and methodological discrepancies and limitations. 
The aim of this study was to examine fatigue induced changes in MU synchronization 
of large MU populations at different sites of a muscle and its relation to fatigue 
induced force tremor. Twenty-four subjects performed an isometric contraction at 25 
% of maximal voluntary elbow flexion until exhaustion. Surface electromyographical 
(sEMG) signals were recorded using a grid of 130 electrodes above the biceps brachii. 
A recent developed method based on the skewness statistic used on sub-band 
filtered monopolar sEMG signals was used to quantify changes in MU synchronization 
with fatigue from each electrode. Force tremor was described as the coefficient of 
variation of the force data. Both MU synchronization and force tremor were estimated 
throughout the contraction, and the explained variance between the variables was 
determined. The main results were: 1) MU synchronization and force tremor increased 
with fatigue, 2) the MU synchronization could account for 40% of the variance in force 
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tremor, and 3) the changes in MU synchronization and its relation to force tremor were 
different between the heads of the biceps brachii. These findings indicate that MU 
synchronization partly accounts for the increased force tremor throughout a fatiguing 
contraction depending on the location of recording on the muscle. 
Keywords 
motor unit synchronization, tremor, muscle fatigue 

Acoustically paced treadmill walking following stroke 
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Gait coordination is often compromised following stroke. The purpose of the present 
study was to evaluate the efficacy of acoustically paced treadmill walking as a 
method to improve gait coordination in persons post-stroke (Roerdink et al., 2006; 
Roerdink et al., under review). Six stroke patients volunteered in the study while six 
elderly served as a control group. Gait cycle parameters, interlimb coordination and 
auditory-motor coordination were examined while participants walked on a treadmill 
with and without acoustic pacing. Stride frequency was adjusted to different acoustic 
pacing frequencies, while gait symmetry appeared to improve compared to 
unpaced conditions. Persons post-stroke predominantly coordinated movements of 
the non-paretic limb to ipsilateral pacing stimuli. It was concluded that acoustically 
paced treadmill walking provides an effective means to immediately modify stride 
frequency in persons post-stroke and may thus be useful in physical therapy. The 
finding that persons post-stroke preferred to time the footfalls of the non-paretic limb 
to ipsilateral pacing stimuli may provide an effective entry point for future therapeutic 
interventions.  
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Fascia is able to actively contract and thus may influence 
musculoskeletal dynamics 
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Aims 
In this study, we examine the new hypothesis that human lumbar fascia – due to the 
presence of smooth muscle-like fibroblasts (myofibroblasts) – is able to actively 
contract and thereby influence musculoskeletal dynamics (1, 2). 
Methods 
Fascia pieces were stained immunohistochemically with the monoclonal 
myofibroblast marker alpha-smooth muscle actin. Samples of lumbodorsal fascia, 
plantar fascia and fascia lata from 32 human bodies were used. 
Additionally, mechanographic force measurements were conducted using strips of 
fresh rat lumbar fascia and human fascia lata. Measured force differences were 
hypothetically calculated for the cross sectional area of all lumbar fascia at the level 
of L4 in an average-sized human body. Force differences between maximal tissue 
contraction and relaxation were hypothetically calculated for the cross sectional 
area of all lumbar fasciae at the level of L4/L5 in an average human body. 
Results 
Immunohistochemistry: Myofibroblasts were present in all tissues. Density in human 
lumbar fascia was significantly higher than in all other examined fasciae (p < 0.05). 
Mechanographic tests were performed in an organ bath under isometric strain, 
checking the response to pharmacological stimulation. Stimulation with the 
myofibroblast agonist mepyramine elicited active tissue contractions lasting up to two 
hours. Stimulation with the smooth muscle relaxant glyceryl trinitrate induced 
relaxation. Unviable control pieces did not react, indicating that a cellular mechanism 
caused the response. The maximal observed force difference (3.6mN/mm 2) if applied 
to the human lumbar area would predict a total contraction force of > 5N 
Conclusions 
Human lumbar fascia is densely populated by myofibroblasts and is therefore able to 
contract and relax over a period of minutes and hours. The potential tonus changes 
are strong enough to impact motor coordination, such as through gamma motor 
regulation. This suggests that temporary changes in fascial tonicity may be an 
important and previously overlooked factor influencing musculoskeletal dynamics. 
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Multijoint arm movements in parkinson’s disease: The effect of deep 
brain stimulation on movement kinematics and dynamics 

Klaus Schneider 1, Kai Bötzel 2, Andreas Born 1 
1 Institute of Sport Science and Sports, Bundeswehr University Munich 2 Department of 
Neurology, University of Munich (LMU); D-85577 Neubiberg, Germany; Telephone: +49-
(0)89-6004-4190; Fax: +49-(0)89-6004-4191; Email: klaus.schneider@unibw-
muenchen.de  

In Parkinson’s disease (PD) specific movement dysfunctions are observed (akinesia 
and bradykinesia). With deep brain stimulation (DBS) where continuous electrical 
stimuli inhibit the neurons in the area of the implemented electrodes (internal globus 
pallidum or nucleus subthalamicus) these movement dysfunctions are reduced, 
however, the mechanisms causing the improvement are only partly understood [e.g., 
1]. Here we report the effect of DBS (off versus on) on movement kinematics and 
dynamics during a rapid arm movement. The analyses of movement dynamics 
provide insight in the mechanical causes of the movement [e.g., 2], and thus, in 
movement coordination while kinematical analyses quantify the effect. 
Eight PD patients performed a complex, maximal-speed vertical arm movement 
between two targets in the conditions DBS off versus on. The movement was recorded 
with a high-speed video motion analysis system (240 Hz). Six reflective markers were 
placed on the subject’s arm and trunk. The three-dimensional coordinates for each 
marker were smoothed using a 6 Hz Butterworth filter. From the coordinates 
movement kinematics and dynamics were calculated. The subjects had given their 
informed consent and the study was medically supervised. 
With DBS turned on, movement times significantly decreased. Hand paths and 
shoulder joint angle versus elbow joint angle patterns only moderately changed due 
to the task’s constraints. Time series of hand velocities and accelerations as well as 
elbow and shoulder joint torques became smoother and larger in amplitude. In 
addition, shoulder joint torque versus elbow joint torque patterns in some of the 
subjects showed a coupling between shoulder and elbow joint whereas the patterns 
were erratic in the DBS off condition. These observations suggest that in the DBS on 
condition the underlying movement coordination was altered although comparable 
movement kinematics were produced (hand path, joint angles) while the movement 
task was performed significantly faster. 
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Special training gait for locomotion disabled persons  

 Petre Lucian Seiciu, Tiberiu Laurian, Ioan Dan Filipoiu  
 Polytechnic University of Bucharest; Telephone: +40 721272258; Fax: +40 21402958; 
Email: lucian.seiciu@as.info.ro  

The gate presented in the poster is realized by a group of researchers lead by Prof. 
Petre Lucian Seiciu from ‘POLITEHNICA’ University Bucharest Romania in collaboration 
with an industrial company and a non-profit foundation for disabled persons. The gait 
trainer is designed for the use in the rehabilitation of the locomotion disabled persons. 
The patient is fixed in the gait trainer which simulates and controls all the movements 
that occur during walking or other physiological activities (motion of feet, arms, hands, 
etc). The gait trainer is composed of: electro-mechanic assembly, electronic and 
automation assembly, the command assembly (with manual and automatic 
adjustments) and software. The system has several feed-back control sub-systems. 
These feed-back sub-systems are used for the control of various parameters: foot 
pressure, step length, speed and amplitude, trunk rotation in frontal, transverse and 
sagittal planes, hands movement, etc. These properties are fulfilled by mechanical, 
electronic and software means with the help of various position, speed and 
acceleration transducers. Another original realization is the visual feed-back control 
system of the foot, leg, hand and trunk position during walking. This facility is realized 
by a complex system that uses several special transducers and customized software.  

Are limb properties tuned in anticipation of a dynamic event? 

Luc PJ Selen, David W Franklin, Daniel M Wolpert 
Computational and Biological Learning Lab, Department of Engineering, University of 
Cambridge; Telephone: +44-(0)1223-764657; Fax: +44-(0)1223-332662; Email: 
lpjs2@cam.ac.uk  

There is compelling evidence that humans are able to adjust the state of their 
neuromuscular system to the dynamics of the environment (1,2). For example, the 
stiffness of the neuromuscular system increases in the direction of the continuous 
disturbances of an external force field (1). But what if the disturbances are temporally 
isolated? For single joint movement it has been shown that the state of the 
neuromuscular system is adjusted in anticipation of the actual disturbance (1). The 
question in the present study was whether this also holds in a multi-joint system and if 
so in an appropriate disturbance-related manner? 
To investigate this, subjects gripped the handle of a robot and were asked to maintain 
a fixed position during collisions with simulated virtual visual balls. To prevent any 
anticipatory net force being generated (such as when catching a ball), on each trial 
two balls approached the hand from opposite directions and the collision was 
randomly simulated for only one of the two balls colliding. On catch trials none of the 
balls resulted in an impact and we observed, as expected, no net movement. On 
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perturbation trials (one in eight) a position step of 1 cm was applied just before the 
expected collision in one of eight possible directions. From these perturbations 
endpoint stiffness was estimated. Balls impact directions were presented in two blocks 
of 500 trials, either in the sagittal or frontal plane.  
Subjects tuned the endpoint stiffness ellipse in the direction of the upcoming 
perturbation due to ball impact. Furthermore, indications of directional tuning in the 
long latency responses ( > 80ms after perturbation onset) were observed. These results 
suggest that intrinsic and reflex properties of the limb may be tune-able in anticipation 
of dynamic events based on visual information. 
References 
1. Burdet, E Osu, R Franklin, DW Milner, TE Kawato, M (2001). The central nervous system 
stabilizes unstable dynamics by learning optimal impedance. Nature, 414(6862), 446-9 
2. Lacquaniti, F Maioli, C (1987). Anticipatory and reflex coactivation of antagonist 
muscles in catching. Brain Res., 406(1-2), 373-8 

GM fascicle length changes during stair descent at different 
velocities 
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The gastrocnemius medialis (GM) muscle plays an important role in stair descent. In a 
previous study (Spanjaard et al. 2006) we have shown that GM muscle fascicles 
shorten while the muscle tendon complex (MTC) lengthens during touch-down of stair 
descent, causing the ankle joint to reach the desired stiffness. It is known that the 
activation and therefore the contribution to movement of the soleus and the GM 
muscle are strongly dependent on velocity of movement (Duysens et al. 1991). 
Besides this, changes in stair descent velocity also causes changes in forces and 
moments and possibly in the relative contribution of the GM muscle, therefore, the 
aim of the present study was to investigate the influence of gait velocity on GM 
muscle fascicle shortening. 
Ten male subjects (young adults) walked down a four-step staircase at three velocities 
(63, 88 and 116 steps/min). Kinematic, kinetic and GM electro-myographic (EMG) 
data were measured. Muscle fascicle behavior was recorded using ultrasound 
imaging. A linear ultrasound probe (60mm field of view) was positioned at the mid-
sagittal plane of the left GM muscle and tightly secured around the lower leg. From 
this, muscle fascicle length was measured in each frame (ultrasound was sampled 
with 25Hz). Analyses were done for the stride from the first to the third step, which was 
considered to be a steady state step. General Estimated Equations were used for 
statistical analysis. 
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Results indicate that GM muscle fascicles shorten during the touch-down phase of 
stair descent while the MTC lengthens at all velocities. The magnitude of maximum 
shortening was influenced by velocity; more shortening at higher velocities (p < 0.05), 
which caused a higher ankle moment (p < 0.05), which, in turn, was needed to 
counteract the higher ground reaction force (p < 0.05) seen at higher velocities. 
Besides this, the relative instant of maximum shortening was delayed at higher 
velocities, even to the amount that this event shifted from the double support to the 
single support phase. Remarkably, in absolute time, it occurred at exactly the same 
instant, while kinematics (and thus MTC length change) and kinetics were different. 
This suggests that the rate of fascicle shortening reached its limit at this specific force. 
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Measuring Partial Motor Programs 
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According to Rhodes et al (2004) there are now three dominant theories about the 
organization of serial behavior. These are: Competetive Queing, Hierarchical Editor 
model and Recurrent Neural Networks. All models adopt a centralist view and assume 
there is some kind of motor program (Keele, 1968). How are these motor programs 
constructed and what brain activity is related to the construction of a new motor 
program? Ulrich et al (1990) posed the question: Is it possible to prepare the second 
component of a movement sequence before the first one? Their answer is a resolute 
no, suggesting that motor programs can not be partially constructed in certain 
circumstances. 
To investigate the preparation of motor sequences we used a two-movement 
response task with full, partial and non-informative (neutral) cues (Gladwin et al, 
submitted). Subjects received cues in the form of two letters: ‘R’ for the right index 
finger and ‘L’ for the left index finger. The upper letter indicated the first response and 
the lower letter indicated the second response. For movements that were not cued 
the letter was replaced by an asterisk. After the cue there was a 1.5 second 
preparation interval, followed by the stimulus that provided full information. Partial 
cues were intended to have subjects prepare a partial motor program. 
The partial cues appeared to be used by subjects but it is controversial if partial cues 
can in fact be used for motor preparation. The behavioral data suggest that subjects 
complete a motor program before the first movement. The Response Times (RT) on the 
first action were most sensitive to the manipulations. Responses were much faster 



Poster Presentations 

 181 

when cues were more informative. Lateralized Readiness Potential (LRP) and beta-
band Motor Related Amplitude Asymmetry (MRAA) showed a significant increase for 
full cues only during the preparation interval. LRP was increased for full cues with two 
different responses and beta MRAA was increased for full cues with two equal 
responses, so there is a double dissociation between these two measures. 
Though behavioral data showed that all information was in some way beneficient for 
performance, different motor related psycho-physiological measures were sensitive to 
different cue types. This suggests that in complex motor behavior different aspects of 
motor preparation are handled in different ways, involving neural activity with 
different temporal characteristics and perhaps different brain regions (cf. Serrien et al, 
2007; De Jong et al, 2006).  
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The effect of cardan sequence on knee joint kinematics  
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The international society of biomechanics (ISB) published their recommendations for 
cardan or Euler sequences when calculating upper limb and lower limb kinematics [1-
2]. Justification for the choice is made very clear; however, there is no documentation 
of the effects of changing the sequence. In order to better understand the effects of 
changing the cardan sequence in relation to the joint kinematics this study 
investigated the effects of different cardan sequences and document the change 
associated with knee joint kinematics. The lower limbs were modelled in six degrees of 
freedom with the anatomical frame based on the recommendations made by 
Cappozzo et al [3]. The raw trajectories were then filtered using a fourth order, 
lowpass Butterworth filter with cut of frequency of 6Hz. Knee angles were calculated 
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using different cardan sequences (figure 1). The angles were recorded for the sagittal, 
coronal and transverse planes. Knee angle was recorded at loading response, 
terminal stance and mid swing; in addition the entire mean waveform was used for 
correlation purposes.  

Figure 1: The effect of different cardan sequences on the knee angle in the (a) sagittal plane, (b) 
coronal plane, and (c) the transverse plane  

 
No significant differences between the cardan sequences were seen in the sagittal 
and transverse planes (p = 1.000, 0.999 & 0.964 respectively and p = 0.999, 0.950 & 
0.058 respectively). A significant difference was found in the coronal plane knee 
angle at mid swing (p = 0.005). Pearson correlations identified significant correlations 
between all cardan sequences in the sagittal plane, with slightly weaker correlations 
in the transverse plane. The coronal plane identified only strong correlations between 
the following sequences; XYZ – YXZ (r = 0.892), XZY – YZX (r = 0.890), ZXY – ZYX (r = 0.927, 
and ZXY – YZX (r = 0.925). Cardan sequence does not introduce significant errors in 
sagittal and transverse plane motion during stance; errors in the coronal plane imply 
an element of cross talk when using different cardan sequences. We suggest the use 
of primary axis of interest when calculating joint kinematics, for sagittal plane motion X 
will always be placed first in the sequence, for coronal plane motion Y will always be 
placed first in the sequence, and for transverse plane motion Z will always be placed 
first in the sequence. When considering extra – sagittal plane motion, X (sagittal plane) 
should always be placed last in the sequence. 
This work suggests that greater consideration of the cardan sequences when 
considering extra – sagittal plane movement is essential. 
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joint coordinate systems of various joints for the reporting of human joint motion – part 
I: ankle, hip and spine. Journal of Biomechanics, 35(4):543-548 
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Adaptation to visual and mechanical distortions is governed by one 
common process  

Monika Thomas, Verena Rohde, Otmar Bock 
Department of Physiology and Anatomy, German Sport University, Cologne; 
Telephone: +49-(0)221-49827430; Fax: +49-(0)221-49826790; Email: Thomas@dshs-
koeln.de 

The sensorimotor system can adapt to various mechanical and visual distortions. It is 
unknown whether adaptation to both types of distortion is achieved by a distinct, or 
by one common process. 
Subjects (n = 60) were asked to perform pointing movements in a horizontal plane, 
holding a pen connected to a robotic manipulandum (Phantom® 1.5) in their 
dominant hand. Eight mirror-viewed targets were presented in randomized order 
along a circle of 5 cm in diameter around a starting dot. Subjects executed center-
out pointing movements to each target, and their responses were registered by the 
manipulandum. View of the hand was prevented, but pen position could be 
displayed as a cursor, along with the targets. For data analysis, we calculated the 
angular error as difference between actual and required cursor direction 150 ms after 
response onset. 
All subjects were exposed to a visual distortion (cursor position rotated 30° about 
starting dot) and to a mechanical distortion (laterally acting force proportional to 
momentary pen position). In five groups, distortions changed blockwise, with different 
order, polarity, and availability of visual feedback under the mechanical distortion. In 
a sixth group, distortions were of same polarity and alternated between episodes of 
30 s. 
Adaptation to mechanical distortion was facilitated/degraded by pre-adaptation to 
visual distortion of the same/opposite polarity. Adaptation to visual distortion was 
affected the same way by pre-adaptation to mechanical distortion. Findings did not 
depend on the availability of visual feedback during the mechanical distortion. When 
both distortions alternated, time constants of adaptation were significantly lower than 
in blockwise adaptation. 
Our data document an additive effect of one adaptation on the next, even if the 
successive distortions are of different physical nature (visual versus mechanical), which 
suggests that adaptation is achieved by a common, gradually changing adaptive 
process. This process is not restricted to visual inputs. Since our study deals with the 
initial response direction, it is a moot point whether later parts of the response 
trajectory are governed by distortion-specific adaptive processes. 
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Active head and neck range of motion in healthy women  

Davide G Tommasi, Anna Claudia Foppiani, Francesca Catti, Yuri F 
Shirai, Andrea Pallavera, Chiarella Sforza. 
Dept. Human Morphology, University of Milan, Milano, Italy; Telephone: +39-02-
50315407; Fax: +39-02-50315387; Email: chiarella.sforza@unimi.it 

A normal cervical spine Range of Motion (RoM) is essential for almost all daily 
activities. Age-related variations in active cervical RoM are still partially unknown 
(Doriot & Wang, 2006; Sforza et al., 2002). The aim of this investigation was to perform 
a three-dimensional quantitative analysis of standardized movements of cervical 
rachis to assess the relationship of age on active head-cervical RoM in healthy 
women. 
Three groups of women were compared: 22 women aged 15-18 years (adolescents), 
25 women aged 20-30 years (young adults), and 16 women aged 35-45 years (mid-
aged women). Active flexion and extension, lateral bending and axial rotation were 
studied. An optoelectronic system was used to detect, non invasively, the cervical 
movements starting from the motion of head (glabella, right and left frontotemporal), 
shoulder (right and left acromia) and spine (T3) landmarks. A dedicated software for 
data analysis was implemented: after the mathematical elimination of thoracic 
movements, cervical RoM was referred to head local reference system and 
calculated using the tilt/twist method (Crawford et al., 1999). 
Flexion and extension were larger in adolescents (137°) than in young adults (128°) 
and in mid-aged women (127°). Lateral bending was symmetric, and had similar 
ranges in the three groups: 103° for adolescents, 101° for young adults and 100° for 
mid-aged women. Axial rotation was symmetric, and had similar ranges in 
adolescents and in mid-aged women (143°), and a slightly larger range in young 
adults (151°). For all movements, the principal plane motion was coupled with out-of-
plane components. In particular, axial rotation and lateral bending were always 
associated. No significant age-related differences were found for the principal plane 
of motion (ANOVA, p > 0.05), while the associated movements had some age-related 
patterns. 
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In conclusion, in healthy women between 15 and 45 years cervical RoMs in the 
principal planes decrease (except for rotation), in accord with previous investigations 
(Doriot & Wang, 2006), but these variations are not statistically significant.  
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Semantics for action: An electrophysiological investigation of 
semantic processing in preparing meaningful actions 

M van Elk, HT van Schie, H Bekkering 
Nijmegen Institute of Cognition and Information, Radboud University of Nijmegen; 
Email: M.vanElk@nici.ru.nl   
Recent studies have supported close interactions between language and action-
related processes, suggesting comparable neural mechanisms. However, relatively 
little is known about the semantics involved in action planning. The present study 
investigated the activation of semantic knowledge in meaningful actions by 
recording event-related potentials (ERP’s). Subjects prepared meaningful or 
meaningless actions with objects and made a semantic categorization response 
before executing the action. Words presented could be either congruent or 
incongruent with respect to the goal of the action. Preparation of meaningful actions 
elicited a larger anterior N400 for words incongruent to the present action goal as 
compared to congruent words, while no N400 effect was found when subjects 
prepared meaningless actions. These findings indicate that the preparation of 
meaningful actions with objects is accompanied by the activation of semantic 
information representing the usual action goals associated with those objects. 
Keywords 
Action, Semantics, Object Knowledge, N400 

Resistance to slow motion: strategies for moving near preferred 
speeds 

Robrecht PRD van der Wel, David A Rosenbaum 
Department of Psychology; Pennsylvania State University; Telephone: +1-814-863-1120; 
Fax: +1-814-863-7002; Email: rxv906@psu.edu or dar12@psu.edu  

A great deal of research in human movement science has focused on how people 
respond to challenges of moving above preferred movement rates (e.g., Fitts, 1954). 
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Much less work has focused on how people respond to challenges of moving below 
preferred rates (exceptions are Adam & Paas, 1996; Buchanan et al., 2006; Doeringer 
& Hogan, 1998). 
We addressed the latter question by asking participants to move a dowel back and 
forth between two circular targets in time with an auditory metronome using their right 
(dominant) hand while fully extending their arm. We instructed participants to bring 
the base of the dowel onto each target in time with each metronome beat. The 
targets were large enough to minimize precision requirements. We varied the 
metronome rate from quite fast (2.7 Hz) down to quite slow (0.6 Hz) and examined the 
kinematics of participants’ movements at each of the driving frequencies to see 
whether participants simply scaled their movement rates with driving frequency or 
used one or more of the following strategies to avoid moving slowly: (1) Increase dwell 
times more than increasing movement times; (2) Subdivide movement time intervals 
into two or more submovements; (3) Increase movement path length. 
The proportion of time that participants spent dwelling on the targets increased 
dramatically as driving frequencies decreased, the number of peaks in the velocity 
profile increased as driving frequencies decreased (supporting the subdivision of 
movement time intervals into two or more submovements), and participants 
increased path lengths as driving frequencies decreased. 
The results suggest that human participants (in our case, university students) avoid 
moving slowly, through at least three different strategies (those listed above). The 
results indicate that the selection of movement speed is constrained at the low end of 
the frequency spectrum as well as at the high end. 
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Grasp selection in children with and without neurodevelopmental 
disorder (DCD and ASD) 

Lisa M van Swieten 1, Elsje van Bergen 1, Justin HG Williams 2, Mandy S 
Plumb 2, Andrew D Wilson 2, Samuel W Kent 2, Mark A Mon-Williams 2* 
1Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands; 2College of Medicine and Life Sciences, University of 
Aberdeen, Aberdeen, Scotland, UK, AB24 2UB; Telephone: (44) 1224 274392; Fax: (44) 
1224 273426; Email: mon@abdn.ac.uk 

Participants reached-to-grasp a cylinder in two orientations before turning it 
clockwise or anticlockwise by 180o. Grasping the object required first rotating the 
hand using pronation or suppination. Suppination in the initial phase required minimal 
wrist rotation (135o) at orientation one but maximal rotation (225o) at orientation two. 
Pronation resulted in the opposite pattern. In both orientations, maximal rotation in the 
initial phase was rewarded on half the trials by an easier secondary movement. We 
consider the data within a framework where grip selection might be biased by: (i) 
prehension history; (ii) minimal pre-contact rotation; (iii) ‘end-state comfort’. Grip 
selection with the adults’ preferred hand was biased entirely by end-state comfort. A 
majority (82%) of 9-14 year old children showed evidence of end-state bias in grip 
selection, compared with 50% of children aged 5-8 years. In contrast, minimal rotation 
was the predominant bias in the DCD population (even the older children). The ASD 
population showed the same pattern as the control children. The poor reach-to-grasp 
control in DCD explains the observed bias towards selection of a less demanding 
movement in the initial phase of the task. 

Age effects on variant and invariant patterns of whole-body 
coordination during dual-tasked walking 

Julius Verrel, Martin Lövdén, Anna Pohlmeyer, Sabine Schäfer, Ulman 
Lindenberger 
Max-Planck-Institute for Human Development, Lentzeallee 94, 14195 Berlin, Germany; 
Telephone: +49-(0)30-82406-410; Fax: +49-(0)30-8249939; Email: verrel@mpib-
berlin.mpg.de 

When cognitive and sensorimotor tasks are performed simultaneously, older adults 
usually show greater dual-task costs than younger adults in either or both domains 
(e.g., Lindenberger et al, 2000; Woollacott & Shumway-Cook, 2002). We re-analysed 
kinematic data of whole-body movements from a study on age-related interactions 
between working memory (WM) and walking.  
Young (20-30 yrs) and old (70-80 yrs) participants (N = 32 per group) performed a WM 
(n-back) task at different levels of difficulty (no task, 1-/2-/3-/4-back) while sitting or 
while walking on a treadmill at preferred speed. Using principal component (PC) 
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analysis (e.g., Daffertshofer et al, 2004), the kinematic data recorded during non-
response intervals were separated into invariant (first four PCs, explaining on average 
more than 98% of the variance) and variant (remaining PCs) patterns. Invariant 
patterns were analysed using the discriminant function/linear classifier approach of 
Troje (1998). Variant patterns were used to define an irregularity measure of gait 
(residual variance, RV) based on whole-body coordination. In addition, several step-
related variability measures (SRVM; e.g., SD of step width) were also computed. 
Preliminary results of the discriminant analysis on invariant patterns show that the age 
groups are successfully recognized by the linear classifier. Regarding walking 
regularity, RV showed no main effect of age group, but both age-general and age-
specific effects of cognitive task difficulty. Introducing a simple cognitive task (no task 
vs. 1-back) led to a significant increase in regularity of the gait pattern (p < 0.005), 
comparable in both groups. In contrast, differential effects in older versus younger 
participants were found with increasing task difficulty (1-back to 4-back), as shown by 
a significant age group by WM-load interaction (p < 0.01): while the gait pattern of 
younger participants tended to become more regular, older participants walked less 
regularly at higher difficulty levels. Though correlation of RV with most SRVM was 
significant, the effects reported above were much clearer in the former. 
The increase in gait regularity from the no-task to the 1-back condition observed in 
both age groups may reflect adverse effects of internal attentional focus in the no-
task condition (cf. Huxhold et al., 2006), while the age-specific effects for higher 
cognitive task difficulty substantiate previous findings on age-related increases in 
sensorimotor-cognitive couplings. Our findings exemplify the use of PC analysis for the 
efficient assessment of subtle differences in movement organisation und underline the 
usefulness of considering whole-body coordination in the study of gait patterns. 
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Comparing the latencies with which various visual attributes can be 
used to guide the human hand 

Margot Veerman 2, 1, Eli Brenner 1, Jeroen Smeets 1 
1Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands; 2Department of Neuroscience, Erasmus MC, Rotterdam, 
the Netherlands; Email: margotveerman@hotmail.com 

Neurons in different cortical visual areas respond to different visual attributes with 
different latencies. How does this affect our actions? We compared the latencies of 
adjustments to hand movements directed towards targets defined by luminance, size, 
orientation, color, shape and texture. Participants moved their hand as quickly as 
possible to a visual target that was accompanied by two reference objects. In some 
trials, the target and one of the references changed location at the onset of the 
hand’s movement. We determined the latency to correct the movement of the hand 
in the direction of the new target location. It is reasonable to expect the latency to 
depend both on the attribute in question and on how conspicuous the distinction is 
within the attribute. For luminance-defined targets we found faster responses with less 
variability in latency when it was easy to distinguish the target object from the 
reference objects, than when it was difficult to do so. By considering the relationship 
between changes in response latency and variability that we found for responding to 
various differences in luminance, we show that responses for the attributes orientation, 
luminance and size are fundamentally faster than for color, form and texture. The 
latency of the latter responses is longer although the variability in latency suggests 
that the distinction is equally difficult. This dichotomy within the attributes is in 
accordance with a dorsal-ventral distinction of visual processing in the brain, whereby 
spatial attributes that are likely to be relevant for guiding our actions (orientation and 
size) are processed faster than other attributes that are more likely to be relevant for 
recognizing the object (color, shape and texture). 

The influence of metabolic and cognitive fatigue on reaction time 

Tomaž Vidmar 
Faculty of Sport, University of Ljubljana, Slovenia; Telephone: +38631854797; Email: 
vidmart@hotmail.com  

The purpose of this research was to find out and explain the changes, caused by 
metabolic and cognitive fatiguing, in processing external stimulus into motor response. 
17 students were included in the research. The participants had been informed about 
the purpose and the course of the research; their voluntary participation was 
confirmed by their signatures. The research consisted of two rounds of preparation 
training for the measuring task and of two fatiguing protocols. Metabolic fatiguing 
consisted of three series of walking on a treadmill, whereas cognitive fatiguing 
consisted of three series of calculation TKD test. Before, and after each series of 
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fatiguing, the participants carried out the tasks of simple and choice reaction time. 
With regard to the type of a task and the position of a visual stimulus, they had to 
perform one of three elbow extensions of different lengths. The angle of the elbow 
and the EMG signals of agonist and antagonist muscles were measured. On the basis 
of the obtained data we determined premotor time , electro-mechanical delay, 
change of angle after the first 50 ms, response selection and response programming. 
The results of the research have shown that there are no statistically significant 
differences between metabolic and cognitive fatiguing in any of the variables 
measured. A separate analysis of cognitive and metabolic fatiguing showed that the 
protocol of cognitive fatiguing had not caused any changes that could affect the 
processing of external stimulus into motor response. During the protocol of metabolic 
fatiguing the simple premotor time became on average 27 ms (p < 0,05) shorter; the 
choice premotor time became, after the second series of metabolic fatiguing, on 
average 38 ms (p < 0,05) shorter in comparison to the initial state, and already showed 
stagnation in conditions of maximum blood lactate concentration. With increasing 
metabolic fatigue the response selection was changing in accordance with a typical 
U shape; however, this was not true of response programming, which remained in the 
range of about 20 ms during the entire protocol of fatiguing. The research proved 
earlier findings that metabolic fatigue has a positive effect on simple neural processes 
even at maximum blood lactate concentration. Completing of complex cognitive 
task, however, becomes more difficult in conditions of maximum blood lactate 
concentration. The changes in information processing, related to metabolic fatiguing, 
can be seen between stimulus identification and choosing a motor response; whereas 
fatiguing does not affect the response programming.  
The research did not confirm any differences between metabolic and cognitive 
fatiguing, but it answered a number of questions about the effects of metabolic 
fatiguing on information processing. However, cognitive fatiguing and its effects on 
processing external stimulus into motor response remain unexplained.  

Unstable sitting in Parkinson’s disease: postural control of the trunk  

EEH van Wegen 1, MB Rietberg 1, JCE van der Burg 2, JH van Dieën 2, 
G Kwakkel 1 
1Dept. of Rehabilitation Medicine, section Physical Therapy, VU University medical 
center, Amsterdam, Amsterdam; 2Research Institute MOVE, Faculty of Human 
Movement Sciences, VU University Amsterdam, the Netherlands; Telephone: +31 (0) 
20-4440461; Email: e.vanwegen@vumc.nl,  

Introduction 
Evidence suggests that dynamic trunk control is changed in patients with Parkinson’s 
Disease (PD) (1), which may be related to postural instability and falls. In the present 
study, dynamic trunk control was investigated in isolation from lower extremity 
influences in PD patients with and without recent falls. 
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Methods. Eight PD-fallers, 8 non-fallers and 8 healthy controls participated in an 
unstable sitting paradigm used to study trunk control. Balance performance was 
quantified using standard measures of Center of pressure (CoP) excursions and trunk 
angular deviations. In addition, the percentage of trials in which the subjects had to 
grab a rail for assistance and the associated endurance time were determined. 
Subjects performed 5 trials (max. duration 15 seconds). 
Results 
The percentage of successful trials was significantly lower and the endurance time 
was significantly shorter in the PD patients (p-values < 0.01). The PD non-fallers had a 
significantly higher percentage of successful trials than the PD-fallers (p = 0.02). The 
CoP excursion was progressively larger from controls to non-fallers to fallers (p = 0.012). 
Maximal medio-lateral CoP excursion, Sway area and Sway path showed trends 
towards significance (resp. p = 0.085, p = 0.070 and p = 0.069). The medio-lateral CoP 
excursion was significantly larger in fallers compared to non-fallers and controls (p = 
0.011). In a multivariate analysis, the angular deviations of the trunk were significantly 
smaller in the Parkinson patients compared to controls (p < 0.001). Specifically, 
angular deviations in the sagittal plane were significantly larger in the healthy group 
compared to the PD patients (p < 0.001).  
Discussion and Conclusion 
As hypothesized, Parkinson patients showed changes in dynamic balance control of 
unstable sitting. Group differences were found not only in endurance time and 
number of successful trials, but also in the amplitude of CoP excursions and angular 
trunk deviations. The larger medio-lateral CoP excursions in conjunction with increased 
anterior-posterior trunk angular deviations may point to specific problems with lateral 
balance control. Our results extend earlier findings (1) in showing that also during 
unstable sitting, in which influence of lower extremity movement has been eliminated, 
PD patients show alterations in dynamic lateral balance control of the trunk. Changes 
in trunk control may therefore be related to the high prevalence of postural instability 
and falls in PD Whether this is primarily caused by altered control strategies such as 
increased co-contraction or trunk rigidity needs further study.  
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Unimanual and bimanual adaptation to visuomotor rotation 

Cornelia Weigelt, Christina Noël, Constantin Wirth 
Department of Physiology and Anatomy, German Sport University Cologne; 
Telephone: +49-(0)221-49827430; Fax: +49-(0)221-49826790; Email: weigelt@dshs-
koeln.de 

In order to perform accurate pointing movements, two parameters have to be 
specified: the direction and the amplitude. When introducing a visually induced 
rotational distortion between executed movement and its visual consequence, 
subjects typically show large directional errors that diminish with practice. When 
practicing both hands separately, extent and time course of initial directional error 
adaptation is similar for the non-dominant and dominant arm (Sainburg 2002). 
Recently, evidence emerged that concurrent adaptation to opposing visual 
displacements can be achieved, with minor after-effects on bimanual performance 
(Galea & Miall, 2006). So far, no systematic comparison exists that establishes 
unimanual vs. bimanual adaptation to visuomotor rotations. The present study 
examined dominant and non-dominant hand adaptations to a rotational distortion of 
same direction under simultaneous unimanual and bimanual learning condition.  
Using a center-out pointing task, computer-generated targets were presented around 
a start circle in a horizontal plane at eight equidistant locations (0 – 360° in 45° steps; 
amplitude: 9 cm). Right-handed subjects (N = 31) were asked to quickly and directly 
move their finger(s) from the start position to the shown target and back again. 
Sensors attached to the nails of the index fingers allowed presenting feedback about 
as well as recording of the fingers’ positions (Fastrak, 60Hz). During baseline (BL) and 
retention (R) condition, pointing performance was assessed separately and 
simultaneously in both hands without cursor feedback. Bimanual pointing movements 
were executed on two horizontal planes (off-set: 10 cm) to the same target. All 
participants performed 256 movements (16 episodes à 16 movements) under a visual 
distortion condition (VDC; +30° rotation). They were randomly assigned to three 
experimental groups that differed in terms of hand use during VDC: right hand only 
(RH), left hand only (LH), and both hands simultaneously (BI). Throughout VDC, on-line 
feedback was provided about the cursor position. The median of initial directional 
error (IniDirErr) was chosen as the main dependent variable. It was determined as the 
difference between actual and required cursor directions 150 ms after movements’ 
onsets.  
During BL, all groups showed similar initial pointing accuracy in both limbs. As 
expected, early in adaptation deviation between intended and executed movement 
directions was high but gradually diminished with practice. The extent and the time 
course of IniDirErr adaptation was identical for RH and LH (cf Sainburg, 2002). 
However, right hand IniDirErr in BI remained significantly higher than the level achieved 
in RH indicating a detrimental effect of bimanual learning condition for the dominant 
hand only. The patterns of after-effects observed during R were identical for dominant 
and non-dominant hand. Unimanual retention tests revealed highest after-effects in 
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the condition that was practiced during VDC (-16°). After-effects were lowest in the 
unpractised hand (-3°) suggesting sparse intermanual transfer. IniDirErr observed in BI 
lay in between (-9°). Bimanual retention tests exhibited lowest after-effects in the 
unpractised hand (-3°). No difference emerged between BI and practiced hands (-
13°) insinuating complete transfer from unimanual to bimanual pointing movements. 
Our results confirm that extent and time course of adaptation to visuomotor rotations 
of same orientations are equivalent for dominant and non-dominant limb (Sainburg, 
2002). However, they are not in accordance with the idea of asymmetrical interlimb 
transfer (Sainburg & Wang, 2002). Interestingly, bimanual performance of RH and LH 
provided no evidence of an influential effect of the adapted state of one hand on 
the non-adapted state of the other. Obviously, different adaptive states of same 
orientation achieved for the dominant and non-dominant hand do not influence 
each other under bimanual concurrent performance. 
Reference 
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Spontaneous visuomotor directional mapping 
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This experiment sought to determine if a single visuomotor mapping rule applies to 
aiming movements made without feedback under widely differing head and limb 
orientations. When movements of a control device must be made in response to a 
visual target appearing at some angle from a central starting location, the direction 
of motion will correspond to the visual target direction. For example, subjects will tend 
to move the control to the right when the target is presented to the right of the 
starting position. This ‘compatible’ directional relationship clearly applies when the 
subject’s limb is in a natural position in front of the body and aligned with the display, 
and if visual feedback concerning the cursor’s motion is available. When no such 
directional feedback is available, the spontaneously selected movement direction will 
reflect the ‘natural’ mapping of visually specified direction onto motor output. The 
current experiment used movements carried out in the absence of any directional 
feedback to determine what mapping (i.e., allocentric or egocentric) applies across 
a range of head and limb orientations. Thirty-six participants in three groups undertook 
a series of such aiming movements with a hand-held joystick. One group sat facing 
the display with the controlling hand held in a normal (forward-facing) position. The 
other groups viewed the display over the left shoulder with the controlling arm 
extended away from the display. All subjects initially performed a series of movements 
with no feedback (baseline), then a set with feedback of cursor direction (in which 
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cursor motion was ‘flipped’ around the horizontal axis for the forward-facing and one 
of the sideways-facing groups, with no such rotation for the other). All three groups 
then returned to no feedback conditions to assess any effects of the intervening 
feedback. Reaction times, directional error, and reliability (a indicator of variability 
derived using circular statistics) were analysed. The results were consistent with an 
egocentric reference frame in which movement directions corresponded to that 
which would be seen if gaze were directed at the limb rather than the display, 
regardless of the head and limb alignment. This was the case both in the initial trials 
and following an intervening imposed transformation. This outcome confirms the 
previously described ‘visual field’ compatibility principle, and demonstrates that it 
applies even when no directional information is available and movement directions 
are chosen spontaneously. 
Reference 
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Our ability to appropriately scale the grip force to grasp and lift an object is based on 
the knowledge of object’s intrinsic (e.g., weight) and extrinsic (e.g., size) 
characteristics (Johansson 1996). When lifting two objects with equal weight but 
different size, we judge the smaller object to be heavier (Charpentier 1891). In this size-
weight illusion paradigm, perceptual prediction may influence sensorimotor prediction 
in anticipatory grip force scaling during first few attempts, but this effect disappeared 
after repetitive lifting, thus it suggests a separation of sensorimotor and cognitive 
predictions of object weight (Flanagan & Beltzner, 2000). Here we investigate whether 
cortical lesions would alter the anticipatory scaling of the grip forces according to 
object properties as well as size-weight illusion perception.  
So far, six patients with cortical lesions (5 left brain damage and 1 right brain damage 
patients) and matched controls (11 healthy adults) participated in this experiment. All 
left and right brain damage patients had suffered a first, unilateral stroke within the 
middle cerebral artery territory. The task was to lift two objects of different volume 
(big: 133 cm3; small: 63 cm3) but equal weight (0.45 kg) in alternation. Patients were 



Poster Presentations 

 195 

tested with their non-involved hands while controls were tested with their non-
preferred hands. During the first lifting attempts, all controls produced higher grip force 
for the big box but lower grip force for the small box. Then, they gradually updated 
their grip force scaling according to the sensory feedback of the actual object 
weights within 5 lifting trials. Differently, not all patients scaled their grip forces 
according to object size. Moreover patients, who indeed showed anticipatory scaling 
of grip forces according to object size, abruptly updated their grip force scaling within 
one trial. The perceptual size-weight illusion was typically preserved in the patient 
group.  
Our findings provide evidence that the prediction of grip force from object size may 
be impaired after brain damage. In the severe case, the acquired association 
between object volume and weight is absent and the grip force is not scaled 
according to object size during the first lifting attempt. In other cases, the prediction is 
immediately abandoned as soon as sensory information about actual object weight is 
available after the first lifting attempt.  
References 
1. Johansson, RS (1996). Sensory control of dexterous manipulation in humans. In: Wing, 
AM, Haggard, P, Flanagan, JR (Eds.), Hand and Brain. Academic Press, San Diego, pp. 
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Studies on bimanual coordination indicated that learning induces the stabilization of 
the practiced coordination pattern, 90° of relative phase between the limbs, within 
pre-existing coordination dynamics. Such learning entails the stabilization of an 
untrained symmetric 270° pattern, a sure sign of transfer (Zanone and Kelso, 1997). 
Theoretically, these findings necessitate an overhaul of the model of bimanual 
coordination by Haken-Kelso-Bunz (1985). Currently, it takes the form of a Fourier 
expansion in which the pre-learning stable patterns, 0° and 180°, arise from setting the 
two first cosine terms to non-zero values. The stabilization of 90°/270° with learning and 
transfer can be captured by the next even, fourth-order Fourier term, maintaining the 
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observed symmetry. The present study investigates how learning complies with the 
symmetry structure of the expanded HKB model: If odd Fourier coefficients may be 
activated, learning 120° should stabilize the never-trained 240° pattern. In contrast, if 
transfer resorts to even coefficients only, learning 120° should stabilize the 60°, 240°, 
and 300° patterns.  
Two probes of the underlying dynamics, requiring to perform all relative phases 
between 0° and 360° separated by 15°, were carried prior and after practice of a 120° 
pattern. For participants displaying stable patterns at 0° and 180° before practice, the 
curves displaying absolute error (AE) and standard deviation (SD) as a function of the 
required patterns were analyzed using Akaike weights in order to compare their 
shapes (troughs vs. humps), hence the presence of stable vs. unstable patterns, 
respectively. This method selects the most parsimonious polynomial regression fitting 
the data best. For the pre-learning EA, two troughs at 0° and 180° were detected, with 
two humps at 90° and 300°. For the after-learning EA, two new troughs at 120° and 
240° emerged. For the pre-learning SD, two troughs showed at 0° and 180°, whereas 
after learning, the curve became flatter. 
These results indicate transfer of learning to the symmetry partner of the practiced 
pattern in terms of accuracy, with a less specific improvement in stability. Overall, 
learning and transfer of learning can be captured by activating the third, uneven 
Fourier term in an expanded HKB model.  
References 
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Zanone, PG, Kelso, JAS (1997). Coordination dynamics of learning and transfer: 
Collective and component levels. Journal of Experimental Psychology: Human 
Perception and Performance, 23, 1454–1480. 

The elastic function of the lumbar fascia in human gait 
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Hypothesis 
Although almost every walking person swings the arms and rotates the trunk, arms and 
trunk in gait analysis are generally regarded as one inflexible passenger block serving 
no function in walking. We introduce the hypothesis that the lumbodorsal fascia acts 
as an elastic spring helping to propel the mass of the trunk forward. 
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 Methods 
We described the kinetics of the body using 
accurate mathematical treatment of applied 
mechanics. The legs are represented by inverted 
pendulums. The pelvis and the shoulder are torsion 
pendulums, the arms suspended pendulums. A 
crisscross arrangement of elastic springs acts as a 
model for the posterior layer of the lumbodorsal 
fascia (PLF) which is put under tension by the 
latissimus dorsi and the glutaeus maximus muscles, 
thus connecting diagonally the contralateral arm 
and leg pendulums. Anthropometric data were 
mainly taken from [2]. The two muscles were 
assumed to work isometrically, thus giving the LDF a 
pre-stretch as described by [1]. The elastic stiffness of 
the PLF is unknown – instead we used Young's 
modulus of human tendons. This set of 
interconnected oscillators in the gravity field was 
treated by formation of the appropriate Lagrange 
function. The obtained equation was solved 
numerically. The time-dependent amounts of kinetic 
and potential energies were examined. 
Results 
The lumbodorsal fascia and the two muscles form a 
continuous bowstring-like sling which can exert a propelling force onto the trunk. 
Acting this way, these two muscles can also do work for the gait in an efficient 
isometric way, in addition to the generally recognized triceps surae muscle. The values 
of the kinetic and potential energies during the stride cycle show a shift from 
pendulum to spring loading and back again. As such, the PLF acts as an active force 
transmitter.  
Conclusion 
In contrast to the traditional gait analysis, the pendulum action of the arms and the 
spring-like action of the lumbar fascia can have the potential to facilitate energetic 
efficiency in walking. 
References 
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Acoustically paced treadmill walking requires more attention than 
unpaced treadmill walking in healthy young adults  
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Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, the Netherlands; Telephone: +31(0)205988522; Fax: +31(0)2059829; Email: 
c_lamoth@fbw.vu.nl  

Walking has been considered a highly practiced, and hence automatized, gross 
motor skill, requiring minimal cognitive resources. However, the amount of attention 
invested in walking increases with pathology or ageing, as evidenced by dual-task 
interference effects on both the task at hand and gait variability [1]. Increased 
cognitive investments in walking notwithstanding, rhythmic cues (e.g., acoustic or 
visual pacing stimuli) have been used to facilitate and improve walking in gait 
rehabilitation following stroke or Parkinson’s disease [2,3]. It is unknown, however, 
whether, and to what extent, acoustically paced walking is attention demanding. We 
studied the attentional demands of acoustically paced treadmill walking in 23 healthy 
participants by examining dual task performance and stride cycle variability. 
Specifically, the experiment contained four conditions: 1) unpaced treadmill walking; 
2) unpaced treadmill walking with dual task performance; 3) acoustically paced 
treadmill walking; 4) acoustically paced treadmill walking with dual task performance. 
The acoustic pacing frequency corresponded to the observed step frequency in a 
baseline trial (i.e., unpaced treadmill walking with comfortable walking speed). The 
Stroop task was used as an attention demanding cognitive dual task. Heel-marker 
movements were recorded with an Optotrak movement registration system at a 
samping frequency of 300 Hz for 300 strides in each condition. Means and standard 
deviations of stride length, stride frequency and step width were calculated. 
Detrended fluctuation analysis was applied to quantify the temporal structure of stride 
time fluctuations. Dual task performance during acoustically paced treadmill was 
reduced compared to unpaced treadmill walking. Moreover, there was a significant 
pacing × dual task interaction effect on stride cycle variability. Paced treadmill 
walking in combination with dual task performance had the largest effect on gait 
variability. These results indicate that acoustically paced treadmill walking requires 
more attention than unpaced treadmill walking.  
References 
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The implication of mechanical invariants in dynamic touch depends 
on their contribution to the muscular torques 
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In 1988, Solomon and Turvey first hypothesized that the informational basis of dynamic 
touch − the perception unseen objects by holding and wielding − resides in the inertia 
tensor, a mechanical invariant that indexes an object’s 3D resistance against angular 
acceleration. Since then, over 50 SCI publications have appeared corroborating and 
extending the inertia tensor hypothesis. 
However, we recently demonstrated that dynamic touch depends on a multitude of 
mechanical invariants (among which mass and static moment) rather than on the 
inertia tensor alone (Kingma, van de Langenberg, & Beek, 2004; van de Langenberg, 
Kingma, & Beek, 2006). The experiments further suggested that dynamic touch 
depends most strongly on those mechanical invariants that contribute most to the 
muscular torques involved in holding and wielding. To illustrate, the inertia tensor (I) 
appeared to be implicated most strongly when a wielded object underwent 
substantial angular accelerations, and the static moment (M) appeared to be 
implicated most strongly when an object was held still in a horizontal orientation. We 
thus hypothesized that the implication of mechanical invariants in dynamic touch 
depends on their salience in the mechanical context at hand. 
The present study was performed to test this salience hypothesis. We asked 20 
participants to perceive, by dynamic touch, the length of a set of rods in which the 
static moment and the inertia tensor were varied independently. Besides recording 
participants’ judgments, we accurately recorded rod movement in each trial, so that 
the respective contributions of I and M to the muscular torque around the rod’s 
endpoint (i.e., their respective saliences) could be calculated by means of an inverse 
dynamical analysis. 
Both I and M had a significant effect on perceived length. The average salience of I 
ranged from 4% to 35% across participants, whereas that of M ranged from 65% to 
96%. The salience of I showed a significant correlation with its effect on perceived 
length, which is in line with the salience hypothesis. Yet this was not the case for M, 
which might have been related to its high overall salience in the present experimental 
conditions. 
The present study underscores that the notion of salience is crucial for understanding 
dynamic touch, and demonstrates that inverse dynamical analyses constitute a 
powerful tool for investigating the relationship between the perceptual role of 
mechanical invariants on the one hand and their salience on the other.  
References 
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It is a matter of debate whether adaptation in the sensorimotor system (SMS) is 
mediated by a single, or by multiple mechanisms. Here we investigate where in the 
SMS adaptation is localized and whether concurrent adaptations are possible. 
Subjects pointed at six visual or acoustic targets, arranged in a semicircle. They 
couldn’t see their arm, but finger-tip position was registered. Feedback about its 
position was provided directly or associatively in the visual or associatively in the 
acoustic modality (table 1). This feedback was veridical during a baseline-phase and 
then rotated to induce adaptation. Before and after the exposure to the distortion the 
subjects were asked to point with the adapted hand at targets in the adapted 
modality (persistence), with the non-adapted hand at targets in the adapted 
modality (intermanual transfer), and with their adapted hand at targets in the non-
adapted modality (intersensory transfer). 
 

Table 1: Group arrangement. V=Visual, A=Acoustic, +/- 30=direction and  
magnitude of rotation, 1=associative feedback 
 

  Single Exposure 
Alternate 
Exposure 

Group   I, n=36 II, n=24 III, n=12 IV, n=12 V, n=18 VI, n=12 

Dominant Arm Targets V A V V V A 

 Feedback V +30 A +30 A1 +30 V1 +30 V +30 A1 +30 

Non-Dominant Arm Targets - - - - V A 

  Feedback - - - - V -30 A1 -30 
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Single exposure 
Persistence differed not between groups I and II. Adaptation transferred intermanually 
and intersensory, whereas intersensory transfer was significantly larger in group I than 
in group II. Compared to those groups persistence in groups III and IV was marginal. 
Alternate exposure 
Persistence was larger in group V and lower in group VI compared to single 
adaptation of a collective group I-II. 
The findings in group I and II support the hypothesis, that adaptation can be localized 
in different parts of the SMS. The low persistence in groups III and IV suggests, that the 
different representations can not be explained by the nature of feedback. The results 
in group V and VI indicate that concurrent adaptations can occur, but are 
dependent on the overlapping of their representations in the SMS. 
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The way to gait transitions: Spatiotemporal characteristics of the 
spontaneous overground walk-to-run transition 
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Introduction 
When increasing speed, humans switch from a walking to a running mode. Up till now, 
most studies used an increasing belt speed on treadmill to evoke walk-to-run 
transitions (WRT). However, as speed of locomotion is considered as the control 
variable on treadmills, it is remarkable that studies of how humans accelerate in a 
spontaneous submaximal manner are missing. The purpose of this study is to examine 
the acceleration profile and the WRT step in a more ecological overground transition. 
Methodology 
11 female subjects were asked to start walking, from a stand still position, with a free 
chosen acceleration and make the WRT. A synchronised measurement of subjects’ 
speed (Noptel® Distance Laser 1000Hz) and foot contacts (Footscan® insoles 100Hz) 
permitted to analyse speed, step frequency (SF) and -length (SL). Subjects’ 
acceleration track contains all walking steps, from standing still till the last step before 
transition. A best curve through least squares regression was fitted for each speed-, SF- 
and SL- track vs time (ln = natural logarithm, quad = quadratic, lin = linear). Mean 
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acceleration (A), time to transition (TT) and number of steps to transition (ST) were also 
calculated. Inter-trial variability was low for each subject (ICCs> 0.872). 
Results 
Table 1 shows subjects’ spatio-temporal characteristics of the acceleration track. 

For speed, 9 of 11 subjects showed a non-linear increasing type of regres-sion curve 
(6/9 ln and 3/9 quad). This means the acceleration is higher in the first part of the 
acceleration period. In case of SF, 8 of 11 subjects showed a non-linear type (7/8 ln 
and 1/8 quad). For SL, 8/11 showed a linear increasing pattern.  
Average spatiotemporal values of step -1 (last walking step before transition), step 0 
(transition step) and step +1 (first running step after transition) are shown in Table 2. 

Table 1: Individual spatiotemporal characteristics of the acceleration profile. TT = time to 
transition, ST = steps to transition, A = acceleration, V/time = type of regression curve for 
speed versus time, SF/time = type of regression curve for SF versus time, SL/time = type of 
regression curve for SL versus time 

 
 Subject # 
 1 2 3 4 5 6 7 8 9 10 11 

TT(s) 2.772 2.930 1.890 3.160 2.440 2.770 2.228 2.618 3.554 3.555 2.553 
ST (n) 5.8 6.6 4.3 6.3 5.6 6.0 5.2 5.8 7.2 8.0 5.0 

A (m/s²) 0.373 0.508 0.764 0.436 0.533 0.395 0.699 0.382 0.380 0.409 0.452 
V/time ln ln ln quad ln lin quad ln quad ln lin 
SF/time ln ln quad lin ln lin ln ln ln ln lin 
SL/time lin ln lin quad lin lin lin ln lin lin lin 

Table 2: average speed (V), step frequency (SF) and step length (SL) for step -1, step 0 and 
step +1. Statistics: a = sign diff from step -1;  b = sign diff from step 0; c = sign diff from step 
+1 (p < 0.01) 
 

    mean ± sd Paired T-test 
V step -1 (m/s) 2.247 ± 0.210 b,c 
  step 0 (m/s) 2.664 ± 0.294 a,c 
  step +1 (m/s) 2.948 ± 0.237 a,b 
SF step -1 (n/s) 2.347 ± 0.147 c 
  step 0 (n/s) 2.310 ± 0.179 c 
  step +1 (n/s) 2.565 ± 0.162 a,b 
SL step -1 (m) 0.946 ± 0.053 b,c 
  step 0 (m) 1.158 ± 0.112 a 
  step +1 (m) 1.148 ± 0.110 a 
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Speed increased significantly from step -1 to step 0 (t = -17.703, df = 10) till step +1 (t = -
12.167, df = 10). For SF, step +1 was significantly higher then step -1 (t = -3.332, df = 10) 
and step 0 (t = -3.663, df = 10). There was no significant difference between step -1 
and step 0. With regard to SL, step -1 was significantly shorter then step 0 (t = -9.646, df 
= 10) and step +1 (t = -5.110, df = 10). There was no significant difference for SL 
between step 0 and step +1. 
Discussion 
When speeding up from standing still, over walking towards the transition to running, 
most subjects choose to accelerate predominantly in the first part of the acceleration 
period, followed by smaller speed increments in the last steps before transition. Speed 
and SF evolve in the same way which leads to the suggestion that speed is mainly 
guided/controlled by SF, more than by SL. 
During the spontaneous overground transitions in the current study, mean transition 
speed is much higher compared to the reported transition speed on treadmill (2.16 
m/s ± 0.12) for anthropometrically comparable subjects (Segers et al., 2006). However, 
in contrast with the latter study where subjects took a fast and short transition step, the 
current overground transition step is a rather slow and long step. Furthermore, the 
mean preferred overground acceleration is much higher compared to treadmill 
imposed constant accelerations in ramped protocols. The apparent differences in 
WRT between the spontaneous overground acceleration in the current study and the 
findings in earlier treadmill studies demonstrate the way people accelerate is 
important in gait transition studies 
Reference 
Segers, V., Lenoir, M., Aerts P. and De Clercq, D. (2006) Spatiotemporal characteristics 
of the walk-to-run and run-to-walk transition when gradually changing speed. Gait 
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Inter-segmental coordination of the torso during the transition from 
sitting to standing  
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The head and torso play critical roles in the control of posture and movement. Inter-
segmental joint motion in the torso during the sit-to-stand movement differs between 
subjects with low back pain and controls1. During gait, motion within the torso is 
common and varies between subjects2. Little is known about differences in movement 
patterns during the sit-to-stand task within a young, healthy population. The purpose 
of this study is to identify aspects of torso motion with high variability between subjects. 
Fifteen male and 17 female subjects performed five sit-to-stand trials. 3-D kinematic 
data were collected using motion capture cameras sampled at 100 Hz and filtered at 
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3 Hz. Kinematic data were analyzed for 14 body segments: head, cervical, upper-
thoracic, mid-thoracic, lumbar, pelvis, and each thigh, shank, foot, and arm.  
Large between-subject differences were found for inter-segmental torso joint motion, 
but consistent within-subject movement patterns were found between trials. 
Particularly large differences between subjects were found for the lumbar-pelvis and 
hip joints. Greater flexion at the lumbar-pelvis joint was associated with less hip flexion 
and less lumbar-pelvis flexion was associated with greater hip flexion. Maximum range 
of motion for lumbar-pelvis and hip joints were negatively correlated. The temporal 
coordination of the lumbar-pelvis and hip joints varied between subjects, with some 
subjects showing highly synchronous movement and others showing a high degree of 
movement decomposition. 
Results demonstrate large variability between subjects in torso joint motion and 
coordination within a healthy, young population. The relative spatial and temporal 
contributions of the lumbar-pelvis and hip joints to forward flexion during the sit-to-
stand task show particularly large differences between subjects. Previous research 
found differences in lumbar-pelvis and hip joint motion between subjects with low 
back pain and controls1. More research is needed to explore the possibility of 
identifying risk factors for motor issues such as back pain within a currently healthy 
population. 
References 
1. Coghlin SS and Mcfadyen BJ, Transfer Strategies used to Rise from a Chair in Normal 
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MOTEK Medical develops highly advanced computer assisted rehabilitation devices, with a wide 
range of real-time-feedback possibilities. The core of every product is the patented D-flow control 
software. This software (developed by Motek Medical) is modular, making it easy to integrate, 
connect or disconnect one or multiple devices. For instance: a motion capture system, projection 
of virtual environments and instrumented treadmills. D-flow allows users to change the impact of 
each Input/Output part or device both before usage as well as during runtime. This gives the 
unique possibility to fit the exercise for every subject in any level of practice. The following sections 
describe several example set-ups that are using D-flow.  

CAREN 

CAREN (Computer Assisted Rehabilitation Environment) is a 
versatile, multi sensory system for diagnostics, rehabilitation, 
evaluation and registration of the human body. The system 
works in real-time and enables the creation of a variety of 
experiments in a controlled and repeatable environment by 
using different virtual reality principals. 

A subject stands on a six-degrees-of-freedom motion 
platform which holds a custom instrumented treadmill. The 
subject’s motions and ground reaction forces are captured 
and can be used as an input to the system. Depending on 
the application, self-paced functionality of the treadmill can 
be defined, motion base movements can be prescribed or 
related to the subject’s actual motions. In this way, 
challenging conditions for gait and balance assessment and 
training can be defined.  

Using CAREN offers the benefit of creating unique and 
challenging situations for treatment. In addition, everything 
the system and subject do is being recorded to create 
standardized treatment. For the subject however, 
rehabilitation becomes fun since therapeutic games are 
played in the virtual environment!  

V-Gait (in development) 

Based on the experience with the CAREN system, the V-Gait is being developed. Specifically for 
gait training and measurements, this derivative of the CAREN system is developed. It will consist of 
an instrumented treadmill with 3 degrees of freedom (fast pitch, sway and surge), a projection 
screen for the virtual environment. Optionally, a motion capture system can be integrated 
allowing inverse kinematics to be calculated.  

Advantage of this system is that it allows measurements to be performed for multiple strides 
instead of a single step as currently is the case in most gait labs. 

Trunk balance and thrust training and measurement device (in development) 

Close corporation between Bonte Technology and Motek Medical will result in a novel way of 
trunk balance training combined with physical workout in a virtual environment.  

A standing pole attached to two hydraulic cylinders can be moved freely because of the 
spheroid joint at the lower end of the pole. Playing therapeutic games in a virtual environment 
results in a full body workout and will improve the subject’s power and balance of the whole body. 
This latter aspect has been proven in the fitness industry where this device is being used already.
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Kastijdestraat 23 
B-9820 Merelbeke – België    Afdeling Nederland: Postbus 199 
Tel. +32 (0)9 362 22 10    4530 AD Terneuzen         
Fax. +32 (0)9 362 19 26    Tel: 0115 – 567 089 
jan@samcon.be     www.samcon.be 

Samcon Biomedical equipment biedt unieke oplossingen voor Research, Revalidatie en 
Sportmedische applicaties.  

Samen met de klant wordt gezocht naar een specifieke oplossing welke optimaal voldoet aan de 
wens van de klant. 

Enkele voorbeelden uit ons gamma zijn: 

Zebris 3D analyse: Voor de 3D analyse door middel van ultrasone markers. Verder heeft Zebris nu 
ook de loopbanden met ingebouwde druksensoren. 

Mega EMG: Telemetrische meting van spieractiviteit en spiervermoeidheid. Nu ook met draadloze 
EMG preamplefiers en 3D Anatomic Model. 

Con-Trex Isokinesie: Voor het isokinetisch trainen en testen. 

HP Cosmos: Onder andere de loopbanden met ingebouwd Kistler krachtenplatform. 

Biometrics Research: Datalogger, electrogoniometers, druksensoren, 3D accelerometers, EMG…  
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Biometrics Europe BV; Analyse en Registratie 

Biometrics levert meetapparatuur om het menselijk bewegen te 
analyseren. Theoretische- en ervaringsdeskundigheid wordt al sinds 1985 
toegepast bij het installeren en implementeren van 
bewegingsregistratiesystemen. 

Biometrics heeft vele onderzoeksinstellingen en faculteiten Bewegings-
wetenschappen als klant waar dagelijks gemeten wordt, om meer inzicht 
te krijgen in de bewegende mens. 

Leveringsprogramma Bewegingsonderzoek: 

Optisch  VICON  

Video SIMI  

Grondreaktiekracht AMTI  

EMG AURION  

Voetdruk   

Zuurstof registratie COSMED  
 
Leveringsprogramma Functieonderzoek: 

Spierkrachtmeting   

Hoekmeting   

Longfunktie   

Activiteitenregistratie   

Coördinatie en Balans   

Recent realiseerde Biometrics de oplevering van een Vicon Bewegings-
registratiesystemen aan de Faculteiten Bewegingswetenschappen van 
Maastricht en een compleet ingericht bewegingslaboratorium te 
Groningen. 

Nieuw:  

Van Aurion is nieuw de ZeroWire, een innovatief draadloos EMG systeem. 
Iedere elektrode is uitgerust met een kleine unit voor de verwerking en 
transmissie van het signaal. Dankzij de high-end technologie van ZeroWire 
wordt het mogelijk om snel betrouwbare meetgegevens te verkrijgen. Dit 
alles met maximale bewegingsvrijheid van de sporter/patiënt. De ZeroWire 
units zijn klein, ultra licht en voorversterkt. 

Van Biodex is de System 4 nieuw, de nieuwe generatie isokinetische multi- 
joint opstelling. 
 
Biometrics Europe BV 
Kabelstraat 11 
NL – 1322 AD Almere 
www.biometrics.nl  
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