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Abstract

The goal of the current article is to draw attention on 

the concept of learning accelerator defined at the level 

of coordination. Coordination is the process of 
assembling elements (perceptual, motor, cognitive, 

etc…) into a functional, stable yet flexible ensemble. 

After a definitional section devoted to the notion of 
skill and the concept of accelerator from a 

coordination point of view, we provide four illustrative 

examples of how a learning accelerator can be 
conceived from a coordination point of view. The 

consequences for the development of accelerators in 

the context of the SKILLS project are shortly 
envisaged. 

1. Introduction 

Generally speaking, skill can be defined as the capacity 

acquired by learning to reach a specified goal in a 

specific task with the maximum of success and a 

minimum of time, energy or both. This simple 

definition suggests that skill cannot be considered as a 

general ability, but rather as a specific learned 

capacity. A number of criteria can be analyzed for 

evaluating the level of skill, and have to be integrated 

in a formal definition of skill:  

1. The accuracy of the outcome, with respect to the 

assigned goal: this criterion is the most commonly 

used, and measured in terms of errors to the target goal 

(spatial and /or temporal). 

2. The consistency of responses over successive trials 

represents another important criterion. Skill allows 

producing effective behaviour in a stable and 

reproducible manner. This can be measured by 

assessing the standard deviation of a set of successive 

outcomes. Recent approaches focus not only on the 

amplitude of variability but also on its structure in 

time. Note that this consistency should not be 

understood in terms of ‘behavioral stereotype’. As 

suggested by Bersntein (1967), response consistency 

should be considered as “repetition without repetition”.  

3. Efficiency, i.e. the fact that the goal is usually 

reached with a maximum of success and a minimum of 

expense, is also a fundamental component of skill. 

Efficiency can be understood at the cognitive level 

(skill is associated with the use of automatic processes 

allowing a decrease in mental load), and at the 

metabolic level (the skilled behaviour allows reaching 

the goal with a reduced metabolic cost). Cognitive 

efficiency and metabolic efficiency usually go 

together. 

4. Skills are also conceived as flexible and adaptive: 

Skilled behaviour should be able to cope with 

environmental irregularities and uncertainties. This 

flexibility suggests that skill is not specific to a 

particular task, but, rather, to an ensemble of similar 

tasks, which raises the fundamental problems of skill 

generalization or transfer. Flexibility and adaptability 

are important aspects. They are often producing 

behaviours that appear variable. But variability here is 

functional. It should not necessarily be viewed 

negatively (as reflecting noise for instance) but as a 

reflection of the readiness or plasticity of the system to 

change. Different variables can be used to separate 

negative variability (noise) from positive variability 

(adaptability). 

5. Skills are dynamically structured. Skills are 

characterized by a spatio-temporal organization of 

movements, which includes task specific synergies 

among body segments, joint angles, and end-effectors, 

but also stable relations between movement and the 

environment. An effector system is the set of limb 

segments used in a given action, and terminal or end-

effector is here directly related to the outcome. A 

skilled movement is never performed in exactly the 

same way, and always possesses a certain degree of 

variability; however a pattern of organization – order - 
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is common to each sample. The spatio-temporal 

patterns of coordinated motor activity is low 

dimensional, due to the dynamic interactions of the 

many degrees of freedom in the system, and 

accordingly can often be described by one or few 

collective variables. To be proficient, or ‘dexterous’, 

the coordinative structure have to resist unavoidable 

internal and external perturbations, thus it must possess 

stability. This last component of skill, we argue below, 

is central for the development of a theory of skill 

accelerator.

2. A functional definition of learning 

accelerators

At a more specific level, skill can be defined as the 

acquisition of a new coordination mode satisfying the 

requirements of a given task. Coordination is the 

process of assembling elements (perceptual, motor, 

cognitive, etc…) into a functional, stable yet flexible 

ensemble. In a given task, coordination modes could be 

conceived as attractors in the workspace defined by the 

conjunction of constraints arising from the organism, 

the task, and the environment [1]. Note that in the 

context of the SKILLS project, the concept of 

coordination is defined at an abstract level, and can 

refer to multiple levels of analysis: motor coordination, 

cognitive coordination, perception-action coordination, 

organism-environment coordination, or interpersonal 

coordination. Learning results from the active 

exploration of the workspace, searching for stability 

zones (attractors) and avoiding unstable regions 

(repellors).   

In this context, learning can be simply defined as a 

transition from a novice coordination mode to an 

expert coordination mode. Novice modes are generally 

characterized by a simple and controllable structure. In 

contrast, expert modes often present a more complex 

structure, but allow an optimal exploitation of the 

mechanical properties of the task and the environment.  

In a series of experiments addressing the acquisition of 

a complex sensori-motor skill [2,3], we have shown 

that learning involves a series of distinct stages. These 

stages are illustrated in Figure 1, which represents the 

evolution of damping behaviour during learning on a 

ski-simulator. Note that negative values correspond to 

the exploitation of a typically novice behaviour, and 

positive values to that of the expert behaviour.  

1. In a first stage, learners exploit and stabilize an 

initial, spontaneous coordination mode. This first 

coordination mode represents a kind of “bridgehead” 

that allows the active exploration of the workspace; 

2. In a second stage, learners exploit intermittently the 

to-be-learned coordination mode. However, they 

frequently return to the initial behaviour, and this stage 

is characterized by a systematic to-and-fro between the 

two behaviours; 

3. The third stage is marked by the final adoption of 

the to-be-learned coordination mode, and its 

progressive stabilization. 

The structure of this acquisition schema can be more 

complex, and the complete process from a novice 

behaviour to an expert behaviour can be punctuated by 

a series of steps corresponding to intermediate 

coordination modes, each involving the described back 

and forth stages. In all cases however the proposed 

model conceives learning as a complex process, 

composed of multiple stages. In this context, learning 

accelerators can be conceived as all interventions 

susceptible to shorten a given stage of this process. 

Fig 1. Evolution of damping behaviour during learning 
on a ski-simulator. This figure illustrates the transition 

from novice behaviour (negative values) to expert 
behaviour (positive values), through a transition stage 

during which the two behaviours are exploited in 
alternation [2]. 

As a consequence, accelerators are multiple and can 

differ according to the learning stages. On the basis of 

this description of learning, it is possible to distinguish 

several essential functions satisfying the notion of 

accelerators. Learning accelerators can be used for (1) 

destabilizing spontaneous coordination modes, (2) 

increasing the availability of the to-be-learned pattern, 

(3) helping the exploration of the workspace, and (4) 

stabilizing expert patterns. We present in the following 
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section some experimental results and theoretical 

developments about these four types of accelerators. 

3. Illustrative examples 

3.1. Destabilizing spontaneous coordination modes 

As stated previously, learning occurs on the basis of 

pre-existing coordination modes. These initial 

solutions attract the spontaneous behaviour, and seem 

highly resistant to change. The initial attractors of the 

system exhibit a strong stability, preventing the 

exploration of the workspace and the adoption of 

others behaviours. A solution for artificially shortening 

this initial stage is to destabilize the initial attractor of 

the system. 

This hypothesis was examined by Walter and Swinnen 

[4]. In their experiment participants had to learn a 

coordination pattern between the two hands, 

characterized by a 1:3 frequency ratio. They showed 

that during the first trials participants were attracted 

towards a more simple 1:1 coordination mode: The 

‘slow’ oscillator was entrained by the ‘fast’ oscillator, 

and the resulting coordination was a simple anti-phase 

coordination mode. The authors showed that it was 

possible to facilitate learning by initially reducing the 

frequency of oscillation. In oscillation tasks, movement 

frequency is indeed often considered as a control 

parameter of the coordination [5]. This adaptive tuning

was supposed to reduce the exclusiveness of the 1:1 

coordination mode, and to allow an effective 

exploration of the workspace. This result suggests that 

control parameters can be used for accelerating 

learning through a destabilization of the initial 

coordination mode. However, the preliminary 

identification of the relevant control parameter in the 

task is necessary. 

3.2. Increasing the availability of the to-be-learned 

pattern

A complementary principle is obviously to increase the 

availability of the expert coordination mode. Here also, 

the most obvious solution is to use control parameters. 

This procedure was especially explored in the domain 

of rehabilitation. For example [6] showed that during 

walking at preferred speed, healthy participants had 

their pelvis and trunk moving out-of-phase, while 

Parkinson’s patients had their pelvis and trunk moving 

mostly in-phase. When velocity was increased, 

differences between healthy controls and patients 

became less pronounced, with patients moving their 

pelvis and thorax more and more out-of-phase. This 

result suggests that an appropriate tuning of a relevant 

control parameter can induce the emergence of the 

desired coordination pattern during rehabilitation. This 

example is of great interest for the SKILLS project 

because it reveals that accelerators can be very simple 

when the dynamics of the perceptuo-motor workspace 

is known (location of attractors and repellors, 

disappearance of attractors in patients etc…). It also 

reveals that slowing down a movement during the 

acquisition phase is not always a good solution for 

accelerating learning. 

When the desired pattern is not potentially available, 

and does not emerge as a result of control parameter 

manipulation, the pattern can nevertheless be required 

by means of instructions or by presenting a model. In 

the first case the pattern is described by verbal 

explanations, in the second case a model is directly 

provided (by the experimenter, a video device, etc.). 

The influence of such manipulation was theorized as 

“behavioural information” in the field of coordination 

dynamics [7]. Behavioural information represents a 

specification of the desired pattern. It has been shown 

that providing such information tends to increase the 

availability of the corresponding pattern [5, 7]. 

The effect of behavioural information can be enhanced 

by the use of feedback techniques. For example, 

Faugloire et al. [8] have demonstrated that on-line 

feedback, by means of a Lissajous plot (position vs. 

position), allows a quicker learning of a complex 

postural coordination pattern. In this experiment 

participant had to learn a coordination pattern with a 

90° phase offset between the ankles and the hips. In 

this case, the expected Lissajous plot is an ellipse (see 

Figure 2).  

Fig 2. Accelerator for learning a new postural pattern 
(left); Constant error (required - produced pattern) 

during the acquisition period (right). Data are averaged 
over participants.  

In the initial trials, participants were attracted towards 

spontaneous coordination modes (cf. [9]), especially in 

phase and anti-phase, yielding straight lines in the 

Lissajous plots. With time and practice, the 

competition between the spontaneous patterns and the 

new pattern progressively turned in favour of the new 

pattern, with reminiscent presence however of the 

intrinsic dynamics of the postural system. Interesting 
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for our purpose is the complementary finding that 

learning persisted over time, suggesting that the 

accelerator had long-term effects. 

3.3. Helping the exploration of the workspace 

According to [10] learning is the result of an active 

exploration of the workspace defined by organism, task 

and environment constraints interacting with each 

other. This workspace can be conceived as a landscape 

characterized by zones of stability (especially that 

corresponding to the expert pattern). Novices have to 

explore this landscape in order to discover the optimal 

zones (i.e. the “valleys”, see Figure 3). 

Fig 3. Exploring the workspace during learning a new 
skill in search for optimal solutions (attractors in the 

workspace). 

This exploration is guided by feedback information, 

especially concerning task requirements, and efficiency 

gradients. Providing augmented feedback can help 

learners in their search for optimal solutions. This 

augmented feedback should be particularly efficient 

when concerning the order parameter that represents 

the macroscopic controlled variable in the task. 

Enriched multimodal information, using various 

channels (auditive, visual, haptic,.) can also be 

delivered in order to guide a more efficient exploration 

of the workspace. 

3.4. Stabilizing the expert pattern 

Finally the expert coordination mode has to be 

stabilized. At this level practice is essential, in order to 

automate the (neurophysiological, mechanical etc…) 

processes that underlie the learned coordination. In this 

final stage, the control parameter can play a role for an 

over-stabilization of patterns. For example, we 

analyzed in an experiment on the ski simulator the 

effect of required amplitude on the stability of 

behaviour [10]. Participants were instructed to practice 

with fixed amplitude: low, medium or high. Results 

showed that high amplitude allowed a better 

stabilization of coordination. Among others, this result 

suggests that coordination benefits from practicing in 

an optimal regime. These regimes have obviously to be 

defined for each task.  

4. Consequences for elaborating the 

SKILLS demonstrators 

Demonstrators can be conceived as technological 

implementation of the previously defined learning 

accelerators. The above analysis suggests that 

according to the nature of the task at hand, but also to 

the level of advancement of the learning process, 

different accelerators can be selected. As such, a 

precise evaluation of the goal of the demonstrator 

(helping novices, training experts, etc.), and a deep 

analysis of the task (nature of the workspace, 

spontaneous coordination mode, expert behaviour to be 

learned) should be undertaken before conceiving the 

appropriate implementation. 
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