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Abstract 
Ecological dynamics focuses on self-organization of action and perception under constraints 
in sport performance and practice. It addresses the socio-material constraints that enhance 
and diminish the coupling of perception and action directed by athletes and teams towards 
achieving task goals, proposing and finding that information and constraints are key in 
regulating the dynamics of behaviour. Performers explore to learn and learn to explore, which 
finally lead them to better perceive opportunities for action available in the environment and 
relative to their action capabilities. In this chapter we propose testable hypotheses in 
accordance with principles of ecological dynamics along three timescales: (1) Behaviour and 
performance; (2) Learning, transfer and expertise; (3) ‘Talent’ being developed in sport. Finally, 
we conclude the chapter by providing implications of these ideas for movement practitioners. 
 
Keywords 
Complex systems, affordances, representative design, self-organization, constraints, individual-
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1. Introduction 
 
Since the 2000s, a large body of research has investigated dynamical properties of  

human movement systems in different contexts (for an overview, see Button et al., 2020). The 
ecological dynamics approach is a multidisciplinary framework rooted in dynamical system 
theory (physics), ecological psychology (psychology) and the neurobiology of complex 
adaptive systems. This chapter traces how these roots helped to jointly conceptualise the key 
theoretical pillars of ecological dynamics. Ecological dynamics focuses on movement 
coordination, considering individuals and groups as complex adaptive systems—a network of 
highly integrated, interacting sub-components (e.g., parts of the body or members of a team). 
As complex adaptive systems, humans exploit inherent self-organization tendencies to form 
functional synergies (coherent groupings of system components) under surrounding 
constraints. They learn to use cognition, perception, and action to regulate performance in 
practice and competition. These ideas imply the need to examine performance of individuals 
and groups at different time scales such as: (1) Behaviour during performance, discussing the 
key question: how to record performance behaviours. (2) Learning, transfer and expertise, 
considering how to analyse changes in behaviour across time and different contexts. (3) 
Developing ‘talent’ in sport: How to investigate inter-individual variability and performance 
profiling to help each athlete develop their potential over a longer timescale.  
 

2. Behaviour and Performance 
 

2.1. The fundamental unit of analysis of behaviour is the performer-environment system 
 
The performer-environment relationship is essential for understanding behaviour in sport 
contexts (Araújo & Davids, 2018; Seifert et al., 2017). Whenever we move our bodies, 
performers and environment function in a relational, synergistic way, rather than operating 
independently from each other. Both form integral parts of a complex dynamic system, with 
each individual’s actions requiring adaptation with respect to changing circumstances. This 
idea implies that behaviour can only be studied and understood within the context of a 
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performance environment (Davids & Araújo, 2010; Seifert et al., 2023). Although this idea may 
appear obvious, it is a misconception to view the performer as the sole active agent, with the 
environment merely serving as a passive backdrop to individual actions (Araújo & Davids, 
2011b). The epistemological separation of person and environment has historically led to 
theorizing in which the most significant explanatory factors in behaviour are located within the 
individual. Attending to the performer-environment relationship emphasises that researchers 
and practitioners need to understand the biases involved in considering individual 
performance separately from key constraints of the performance environment (e.g., a 
swimmer’s capacities out of the water, a climber’s actions away from a surface such as an 
icefall or a team games player’s performance in isolated test drills outside a game context). 
There are similar limitations in considering environmental influences in isolation, without 
regard for an athlete’s individual skills (personal characteristics, and capabilities) in interacting 
with key environmental properties.  

In ecological dynamics, goal-directed behaviour can be modelled by eco-physical 
variables (Araújo et al., 2017; Araujo & Davids, 2018; Seifert et al., 2023). These variables 
express the fit between the physics of the environment and organismic adaptations of sport 
performers. A misconception that might arise from the emphasis on eco-physical variables, is 
that they cannot elucidate the psychological processes involved in regulating performance. 
However, psychological measures of goal-directed behaviour can be obtained by analysing 
physical variables that capture emergent ecological interactions of a performer with key 
objects, events, and others in a performance environment (Araújo et al., 2020). The emphasis 
on eco-physical variables avoids a cognitivist tendency to search for variables inside of the 
organism believed to ‘cause’ behaviour (i.e., in the mind as reflected in self-reported data, or 
in the brain as captured by neural activity). Additionally, this emphasis avoids a behaviourist 
tendency to search for explanatory variables in the environment (e.g., the contingencies of 
reinforcement of behaviour), ignoring the continuous (re)organization of behaviour itself 
(Warren, 2006).  

Eco-physical variables are especially important for investigating how physical 
properties of performance environments may help performers and groups re-organise 
different stable system states during performance. For instance, 3D kinematics are often 
computed with an egocentric reference (e.g., hand propulsion is often expressed in relation to 
shoulder position and in reference to the centre of mass) to investigate inter-limb coordination 
and control in swimming. But, this perspective has limited capacity to capture how swimmers 
interact with the aquatic environment. Guignard et al. (2017) recommended including the 
water plan of the swimming pool or the swimming axis to investigate how swimmers 
coordinate and control their actions in context. For instance, the angle between the trunk and 
the water level, or between the arm and gravitational direction indicated when swimmers are 
streamlined and how hydrodynamics may be disturbed.  
 

2.2. Perception is of action possibilities, i.e. affordances 
 
Ecological dynamics emphasizes laws and symmetry conditions at nature’s ecological 

scale, implying the detection of environmental information used to guide performance. Gibson 
(1979) investigated the relationship between the structured energy distributions (information) 
of the environment available to a perceptual system and the environmental properties causally 
responsible for that structure. For Gibson, detection of environmental information is carried 
out by a functional system distributed throughout an active organism. Adjustments of 
peripheral organs, such as re-orienting the eyes and head or the locomotion system, play a 
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most significant role in direct perception of the environment: action is used for perception as 
well as perception for acting. Perception of the environment reveals functional properties (e.g., 
‘reach-ableness’ or ‘grasp-ableness’ of climbing holds that are behaviourally relevant); 
Boschker et al., 2002), not physical or structural properties (e.g., size or shape of climbing 
holds).  

Gibson (1979) proposed that humans perceive action possibilities or affordances 
offered by the environment. An affordance is a property of the environment taken with 
reference to the perceptual-motor skills or action capabilities of a performer (Fajen et al., 2009) 
and  perceiving is a process of detecting information for action possibilities in the environment. 
For instance, when passing through narrow spaces (e.g., gaps between defenders), attacking 
rugby players must perceive possibilities to cross the gap without colliding with, or being 
stopped by, defenders. Successful navigation through a gap depends on a rugby player’s ability 
to adjust their movements so that perception of cross-ability remains possible (e.g., Correia et 
al., 2012).  

Certain information sources in a performance environment invite actions (Withagen et 
al., 2012) and, as experience and skill shape their effectivities, athletes become better attuned 
to these inviting affordances. As mentioned previously, a gap between two defenders invites a 
rugby ball carrier to cross this gap if they perceive a sufficient width, and are moving at an 
initial running speed regulated to avoid interception by the defenders. Stronger coupling of 
perception and action can emerge from carefully designing relevant information for 
affordances into a practice task to help athletes regulate performance behaviours.  

 
2.3. Constraints channel the emergence of behaviour 

 
In the performer-environment system, performance emerges within constraints. 

Performance is not determined by internal (e.g., the mind) or external (e.g., a conditioning 
stimulus) organizers. To satisfy existing constraints, there are typically a limited number of 
stable solutions that can achieve specific desired outcomes for the performer-environment 
system (Araújo et al., 2006). Newell's (1986) model of three categories of constraints 
(organism, environment and task) is significant for understanding how behaviour emerges 
under constraints, operating at different timescales (performance, learning, development). 
Constraints, in Newell’s (1986) model, have been defined as boundaries or features, which limit 
the form of behavioural solutions. That is, interacting constraints may channel (or not) the 
performer-environment system to achieve specific task goals. Behavioural patterns that 
emerge are more complex than the components that make up the system and cannot be 
predicted from the characteristics of the individual components in isolation. In cycling for 
instance, the perception of aperture ‘cross-ability’ relates to the combined properties of the 
rider (shoulder width) and the bike (handlebar width), and this person-plus-bike system’s 
maximum action capabilities (e.g., the minimum passable aperture width; Vauclin et al., 2023, 
2024). 

Behaviour patterns in performance emerge under constraints, as less functional states 
of organization are dissipated. Changes in performance constraints can lead a system towards 
bifurcation points where choices emerge as more specific information becomes available, 
constraining the performer-environment system to switch to more functional paths of 
behaviour. To exemplify, Guignard et al. (2020) investigated effects of speed and fluid flow 
manipulation on inter-limb coordination when swimming in a traditional swimming pool, in 
comparison to swimming in a flume (i.e., swimming against the current). Their findings 
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emphasized that swimming in the flume, especially at high speed, narrowed the landscape of 
affordances as it decreased opportunities to glide (Guignard, Rouard, et al., 2020). 

 
2.4. Performers in action as complex adaptive systems 

 
The performer-environment system can be conceived as a complex adaptive system 

because behaviour organization exhibits properties of non-proportionality and  non-linear 
dynamics (Davids et al., 2014). The non-proportionality that exists between behaviour and 
performance is exemplified by inevitable individual changes, when during practice a small 
change in behaviour can lead to a transition in performance and, conversely, a switching 
between two behavioural patterns can lead to a marginal change in the performance outcome 
(Chow et al., 2009). The non-linear relationship between behaviour and performance can be 
observed in sudden transitions between two behavioural states. For example, when 
transitioning from walking to running on a treadmill, although the task constraint (the belt 
speed imposed by the treadmill rising incrementally) increases linearly, locomotion 
coordination changes emerge in a non-linear manner. 

Non-linearity also relates to system ‘multi-stability’ (Kelso, 2012) induced by the 
inherent degeneracy of perceptual-motor processes, suggesting that behavioural organization 
can vary structurally (i.e., movement coordination pattern or synergy), without compromising 
function in achieving the task-goal. Degeneracy of the perceptual-motor systems is the ability 
of many structurally body components (i.e., many coordination patterns) to perform similar 
function or yield similar outcomes (Edelman & Gally, 2001). For instance, during childhood, 
children can switch between various locomotor patterns (e.g., crawling, ramping, walking and 
climbing) to negotiate various obstacles and reach a target or an object. The multi-stable states 
of organisation available to humans implies that there is no one stable behavioural state to 
satisfy interacting constraints. This idea questions the putative ‘expert model’ of performance 
toward which all learners must transition in performance development (Davids et al., 2015; 
Seifert et al., 2013). Rather, there is potential for multiple stable performance solutions to 
emerge, depending on constraints and affordances offered by the environment, relative to a 
performer’s capabilities (Gibson, 1979). In sum, performance process and outcome do not 
share the same dynamics, but are co-determined and exhibited during the periods of stability, 
destabilization and reorganization that learners experience when transitioning to elite 
performance.  
 

3. Learning, expertise and transfer 
 

3.1. Learning  
 

 The ecological dynamics framework considers motor learning at the ecological scale. 
Processes such as education of intention, education of attention (attunement) and calibration 
(Fajen et al., 2009; Jacobs & Michaels, 2007) lead to a functional (re)organization of the number 
of components and sub-systems of the human body during skill learning. In ecological 
dynamics, a three stage learning model has been proposed: search and exploration; discovery 
and stabilization; exploitation (Araújo et al., 2009; Button et al., 2020; Davids et al., 2012). 
Research within in ecological dynamics investigated 1) the functional role of exploration in 
learning, and 2), how exploration interplays with exploitation (stabilization) within the 
dynamics of learning, suggesting that a greater gap between an individual’s repertoire and a to-
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be-learned coordination pattern, may relate to a longer duration of an intermittent regime (also 
called metastability) in which exploration alternates with exploitation. 

The search and exploration stage consists of exploring the ‘perceptual-motor workspace’ 
and searching for solution(s) to achieve a task goal (Newell, 1996; Pacheco et al., 2019). The 
perceptual-motor workspace encompasses all possible coordination patterns available for 
learners to explore during goal-directed activities (Newell, 1996; Pacheco et al., 2019). To 
enhance learning, this workspace can be constrained at task, organismic, or environmental 
levels (Newell, 1986) to invite learners’ exploration within a landscape of affordances. Since 
many couplings of perception and action are possible in any situation, learners need to educate 
their intentions to specify what needs to be achieved in specific  performance context (Jacobs 
& Michaels, 2007). Goals direct the attention of a learner to functionally explore (act) and 
perceive relevant informational variables for further performatory actions.  

The first stage of learning involves the assembly of a movement coordination pattern 
that satisfies the learner’s intention to achieve a task goal. At this early stage of learning, neither 
the information used to guide movement, nor the coordination pattern itself, need necessarily 
be the most effective way to move. Through search and exploration, the learner can soft-
assemble a solution to achieve an intended task goal. For instance, Hacques et al. (2021) 
showed that the gaze path of learners in indoor wall climbing became more goal-directed, 
associated with lower exploratory hand movements and visual fixations with practice. 
Although search and exploration mainly reflect early stages of learning, they are also observed 
in skilled performers. Indeed, while beginners explore to learn, advanced performers learn to 
explore (Hacques et al., 2020), and skilled performers explore efficiently, the processes by 
which they extend their maximal action capabilities. For instance, beginners might rely on 
structural properties of the environment, such as the size of hold in climbing, assuming that 
big holds are easier to grasp, whereas large flat or round holds might be complex to grasp with 
one hand. Therefore, exploring different ways of grasping holds of different shapes (and not 
only of different dimensions), beginners could search for ‘grasp-able’ holds (according to their 
action capabilities). With practice, advanced performers discover the functional properties of 
holds as they learn to explore the hold ‘grasp-ableness’ based on different sizes, shapes, 
orientation, and set at different distances from each other. Finally, skilled performers explore 
efficiently ‘grasp-ableness’ of holds as they do not perceive holds separately (one by one), but 
rather as a sequence of holds, meaning that they perceive how to chain actions to transit 
between holds. Doing so, they perceive an additional functional property that is the ‘use-
ableness’ of a hold. 

Second, with practice, learners discover task solutions and stabilize them during goal-
directed performance by reorganizing movement system components. This process consists 
of education of attention. Without changing their intentions, learners become perceptually 
attuned to more useful informational variables. According to Jacobs and Michaels (2007), 
attention is effectively educated by learners detecting informational variables that specify 
environmental properties that they intend to perceive. In other words, learners converge from 
relying on sources of information that may be only partly useful in one situation (i.e., non-
specifying) to sources of information that are more useful (i.e., specifying), under a variety of 
circumstances. Therefore, this stage includes the stabilization of discovered performance solutions 
but also the exploration of the limits of these solutions and consequently the search for new 
information-movement couplings (Davids et al., 2012). Hence at the second stage, the learner’s 
objective is to gain better organisation of a movement solution. With better organisation comes 
temporary stabilization of preferred information-movement couplings and thus more 
consistency in achieving the desired task outcome. However, it is relevant to highlight that 
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absolute movement stabilization is not the goal. Instead, an effective balance between stability 
and flexibility is desirable. With the discovery of a (stable) solution, the learner can choose 
between stability (i.e., persistent behaviours) and f lexibility (i.e., variable behaviours) when 
appropriate (Seifert et al., 2013; Warren, 2006).  

Third, in the exploitation stage, learners become attuned to a wider range of 
informational variables that more precisely specify how to move effectively (Jacobs & 
Michaels, 2007). This process is called calibration and corresponds to scaling the perceptual-
motor system to information. Withagen and Michaels (2002) hypothesized that calibration of 
behaviour is functionally organized, meaning that calibration is dedicated, not to the 
anatomical structures used in performing the behaviour, but to the function that a performance 
behaviour serves. At this final stage, the learner is becoming very efficient in exploiting 
movement system degeneracy for an immediate adaptation to situational demands and 
effective goal achievement. For example, elite tennis players, when playing on clay courts, use 
the clay surface to slide and break their locomotion and adjust their posture to hit the ball back 
with direction, power and timing. 

These three stages of learning do not follow a linear improvement of performance and 
motor behaviour (i.e., qualitative changes of movement coordination pattern). Instead, it has 
been observed that exploration of new motor behaviour (early in learning) could alternate with 
exploitation and refinement of motor behaviour, reflecting an intermittent regime of 
performance (also called ‘meta-stable’ regime) (Hristovski et al., 2006; Kelso, 2012; Seifert et 
al., 2015). Meta-stability facilitates transitions between different coordination tendencies, 
enabling adaptation to surrounding constraints and the discovery of more functional 
performance solutions (Kelso, 2012). In a meta-stable region, learners can transit from stable 
performance behaviours to explore new movement opportunities, supporting exploration 
during motor learning (Komar et al., 2023; Seifert et al., 2015). Exploration through a meta-
stable regime may emerge abruptly or gradually, with potential transitions between initial 
behaviours and developing possibilities until a new stable coordination pattern is established 
(Komar et al., 2023). For instance, Seifert et al., (2015) have shown how to design meta-stable 
performance regimes to facilitate destabilization of pre-existing skills and safe exploration (to 
avoid falling) in climbing. Findings confirmed that the double-edge route (affording both 
horizontal and vertical grasping patterns) corresponds to a meta-stable performance region 
favouring ‘safe’ exploration to learn because the learners reverted to a stabilized movement 
pattern (Seifert et al., 2015). Therefore, exploration appears less risky, and the learner is more 
attracted to exploratory activities. In return, the results of the transfer test confirmed that 
designing a meta-stable region of performance favoured functional and adaptive behaviours, 
because climbers learn to explore and, subsequently, use effective exploratory strategies that 
can facilitate transfer of learning to performance in novel climbing environments (Seifert et al., 
2015). These findings confirmed expectations of the effectiveness of a balanced strategy of 
exploration and exploitation (or stabilization) to facilitate transfer in ae perceptual-motor 
workspace (Pacheco & Newell, 2015). 

Exploration is indeed visible when different coordination patterns are tracked trial to 
trial throughout a learning period. There is a need to quantify transitions between those 
coordination patterns during learning and most importantly to quantify how certain patterns 
become dominant for some time and how they can be adapted or disappear later. Recent 
research has modelled the evolution of transitions between coordination patterns, based on 
the probabilities of appearance of each pattern at each point of time during learning. This 
approach used Drift Markov Modelling (DMM) to investigate exploratory processes, and 
modelled the meta-stable regime of performance in motor learning (Seifert et al., 2024). Using 
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DMM, Komar et al. (2023) identified three dynamics of learning arm-leg coordination in 
breaststroke swimming: 1) the appearance of new coordination patterns, 2) the disappearance 
of the initial/beginner coordination patterns, and 3) the exploratory dynamics with successive 
appearance/disappearance of coordination patterns, corresponding to a metastable regime 
with few coordination patterns that are neither stable, nor really unstable. In another study 
about the dynamics of visual-motor skill acquisition in a climbing task, DMM has been used 
to model how the visual system meets two demands simultaneously: the online control of a 
current movement (e.g., grasping a hold), and the anticipatory search for environmental 
constraints (e.g., the route path) that may shape future movements (Kalligeris et al., 2024). 
DMM modelling showed how learners alternated between online control of movement (when 
learners seek a hold, they attempt to grasp the surface in a most effective way: perceiving to 
act) and proactive control of movement (when learners search the route path to chain actions 
in a fluent way: acting to perceive) (Hacques et al., 2022).  

 
3.2. Sport Expertise 

 
Research within ecological dynamics has investigated the functional role of movement 

coordination variability used for task goal achievement, suggesting that more skilled athletes 
exhibit: 1) better adaptability (subtle blend of stability and flexibility); 2) better exploitation of 
degeneracy properties and multi-functionality in the movement system; 3) better decision 
making among modes of action (skilled athletes master more complex modes of action); 4) 
seek a concatenation of affordances in a dynamic assembly of overall action sequences; 5) 
better transfer of skill and of learning. 

Previous research has provided evidence for the adaptive and functional role of 
movement and coordination variability in satisfying interacting constraints (e.g., Davids et al., 
2006). Evidence suggests that experts exhibit more adaptive behaviours, signifying that the 
perceptual motor system is stable when needed, and flexible when relevant. Indeed, both 
stability and f lexibility are essential to skilled performance under different constraints, because 
it reflects adaptability (Warren, 2006). Adaptability refers to adapted behaviour to a set of 
constraints, revealing stability against environmental perturbations. Adaptive behaviours 
reflect flexibility to facilitate functional performance solutions to emerging constraints that 
dynamically interact. For instance, if the task goal for an icefall climber is to anchor their ice 
axes in the ice surface, they can demonstrate modes of functional stability, by ‘swinging’ ice 
axes against the icefall to create specific anchorages. But if the existing holes and structure of 
an icefall already provides support, an ice climber can demonstrate functional flexibility by 
searching to ‘hook’ the  ice axes into the existing surface structure which  affords support on 
the ice surface (Seifert, Wattebled, et al., 2014). Such adapted behaviours are characterized by 
stable and reproducible movement patterns. These patterns are stable functional forms of 
movement that are consistent over time, resistant to perturbations, reliable and reproducible, 
and a relatively similar pattern may emerge under different task and environmental constraints. 
It is important to note that movement behaviours are not stereotyped and rigid, but flexible 
(i.e., adaptive). Although movement coordination patterns can reveal regularities and 
similarities within their structural components, skilled ice climbers are not fixed into rigidly 
stable solutions but can adapt movement coordination patterns in a functional way, exploiting 
system degeneracy. Although both less-skilled and skilled ice climbers could hook their blades 
in existing holes of the icefall, only elite ice climbers are calibrated to useful informational 
variables (i.e., deep holes; holes orientated downward; holes surrounded by solid ice), 
perceived to support actions (Seifert,  et al., 2014). Therefore, when a hole is deep, skilled ice 
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climbers hook it, whereas when a hole looks small and surrounded by fragile ice, they swing 
their ice axes beforehand to carve out a stable hold. In summary, to achieve a similar function 
(i.e., anchoring the blade of the ice axis), skilled ice climbers exploit perceptual-motor system 
degeneracy (Seifert et al., 2014).  

Research reveals that more skilled athletes are better able to exploit system degeneracy 
as they are better attuned and calibrated than less skilled athletes to relevant informational 
variables for action. Also, more skilled athletes have broader effectivities or a skills repertoire 
and higher maximal skill levels (action capabilities) (Seifert et al., 2021; Vauclin et al., 2024), 
allowing them to flexibly switch quickly between different perceptual-motor solutions. Indeed, 
in climbing tasks of various complexity (i.e., reach to touch, reach to grasp, reach and remove, 
reach to move up), more skilled climbers demonstrate greater maximal reaching distance in 
more complex tasks than less skilled climbers (Seifert et al., 2021). Similarly, in a crossing 
aperture task by bike, more skilled cyclists can cross narrower apertures than less skilled 
cyclists (Vauclin et al., 2024). However, when accuracy of calibration of action to information 
was scaled to maximal action capabilities, less skilled climbers (Seifert et al., 2021) and cyclists 
(Vauclin et al., 2024) were not less accurate than more skilled athletes as they did not act 
further away from their action boundaries and they did not overestimate their action 
capabilities. These findings are elucidating, because in climbing and cycling, risk of falling could 
lead to injury and accident; therefore, regardless of athlete skill level, they seemed to engage 
in the task by locating a safety margin.  

Degeneracy of neurobiological systems invites us to reconsider the role of behavioural 
variability in performance and expertise. Degeneracy supports adaptive flexibility because it 
underlies system multi-functionality (Kelso, 2012) or pluri-potentiality (Mason, 2010), a property 
that ensures an organism’s functional ongoing engagement with the  performance 
environment. Multi-functionality or pluri-potentiality corresponds to structures (e.g., movement 
coordination patterns) that can become mobilized under one set of constraints, but which may 
potentially become even more mobilized under another set of constraints (Mason, 2010). For 
example, Seifert et al. (2014) manipulated task constraints for individuals swimming with the 
front crawl for 200m by constraining the glide duration; notably, they investigated behavioural 
adaptations during performance in a freely-chosen condition of the glide with arms, compared 
to conditions when maximal and minimal glide durations were specified for performers. 
Interestingly in a maximal glide duration condition, swimmers were able to increase their leg 
beat-kicking up to unexpected 10 beat kicks (whereas 2, 4 and 6 beat kicks are the most 
common observed patterns) to functionally compensate for the long glide phase with their 
arms (Seifert, Komar, et al., 2014). 

Research on experienced decision-making has revealed that skilled football players’ 
performance on video-based tests does not appear to predict on-field decision-making (van 
Maarseveen et al., 2018). This could be because decision-making expressed by action on-field 
is grounded in a performer’s skills. For example, Paterson et al., (2013) required skilled 
footballers to judge their intended action prior to an on-field free-kick execution and for a 
video-simulation of this task in a laboratory. Results revealed that participants were more 
cautious during the on-field task, indicating that they would strive towards more challenging 
goal locations in the video task, compared to the on-field condition. Moreover, even though 
participants selected apparently easier decisions on-field, the success of players to execute 
kicks to their intended location only occurred on about 25% of trials. From an ecological 
dynamics perspective, decision making during performance emerges in a landscape of 
attractors (stable system states), which reflect different potential task solutions (Araújo et al., 
2006, 2009). Athletes search the task landscape so that a viable option selected is the strongest 
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attractor at a given moment, with other options having less strength of attraction. For example, 
Hristovski, Davids, Araújo, et al., (2006) demonstrated that decision making of boxers, leading 
to the utilization of variable punching actions, was adapted as the distance from the opponent 
(punchbag) changed. Further from the punchbag (~1.2 m), boxers were attracted towards the 
execution of a jab punch. Closer to the punchbag, left and right hooks tended to emerge. 
Moreover, a critical distance was observed (~0.6 m), that was referred to as a ‘metastable’ 
region, where boxers were able to integrate, and smoothly transition between, a combination 
of different punches. Hristovski, Davids, Araújo, et al., (2006) highlighted that, in any given 
instance, the environment is not an attractor landscape of neutral action possibilities. 
Affordances are relational and, therefore, accessible to individuals with the abilities to act on 
them. Possibly, affordances are selected based on information for the next affordance (Araújo 
et al., 2019). In tennis, Carvalho et al., (2014) studied how sequential behaviours, expressed as 
successive strokes in a rally, were based on conditionally-coupled affordances. A goal-directed 
displacement index was developed as an eco-physical measure to simultaneously consider the 
distance of competing players in relation to two on-court reference points: the central line of 
the court and the net during competitive performance. A player with an advantage is perceiving 
and creating affordances for the other (Fajen et al., 2009), where the other is invited (pressured) 
to act upon such affordances, since they are open and responsive to play in the rally. The 
stability of the interactions between players is highly constrained by the co-adaptations (co-
positioning) of the players (near or away from the central line of the court, or from the net) and 
the pattern of interactions developed during play (cross-court or down-the-line rallies). In this 
performance environment, a player with an advantage tries to create a successively more 
unstable context for the other player to de-stabilize the existing spatial-temporal coordination 
between them (Carvalho et al., 2013).  
 

3.3. Transfer and representative learning design 
 
Generalized transfer of skill refers to the influence of prior experiences under a 

particular set of interacting constraints on performance or learning in a new performance 
environment. Transfer could be positive or negative (i.e., an individual achieves respectively a 
higher or lower performance level in the new context). Transfer is often conceived on a 
continuum from ‘near’ to ‘far’ task transfer, based on the degree of similarity between one task 
and another, or degree of similarity between a new skill and one already learned (Button et al., 
2020; Oppici & Panchuk, 2022). In ecological dynamics, transfer can be better captured by a 
‘specific’ to ‘general’ continuum, and not just by a ‘near’ to ‘far’ continuum (Button et al., 2020; 
Oppici & Panchuk, 2022; Seifert et al., 2016). While near-far transfer continuum considers 
exclusively skill transfer between two task-goals or two skills, the specific-general continuum 
considers the coupling between the abilities and the intended task goal within the current 
environment. Specific transfer is predicated on attunement to specifying information (i.e., 
information that specifies goal-relevant affordances). General transfer emerges when actions 
are regulated with non-specifying informational variables (Button et al., 2020; Oppici & 
Panchuk, 2022; Seifert al., 2016). In other words, what transfers is an athlete’s ability to attune 
their perception and action to task dynamics. In fact, the transfer of learning implies transfer 
of both attunement and calibration to the new context. The transfer of attunement has been 
presented as the ability to detect information with different action systems (de Vries et al., 
2015) or as the ability to detect and exploit reliable information to guide action in different 
contexts of performance (Huet et al., 2011). When learners’ attention during practice is 
directed toward reliable information, this attunement facilitates the transfer of a perceptual 
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motor performance to new contexts, even when available information is less reliable.  
Regarding the calibration process in learning,  an individual might recalibrate their 

actions,  meaning that they may rescales the perceptual motor system following a disturbance 
that makes coupling of perception and action less functional (Brand & de Oliveira, 2017). The 
perceptual-motor system needs to be recalibrated when an individual’s action capabilities or 
body dimension changes over short or long timescales or when perception is altered. However, 
the individual might also transfer calibration, which occurs when the re-organisation of 
perception-action coupling in one action transfers to another action (Brand & de Oliveira, 
2017). Recalibration and transfer of calibration requires exploratory activity that is effective, only 
if individuals are attuned to relevant information. The source of information was still available 
after disturbance if the perceptual-motor skill had been thoroughly learned. Seifert et al. (2016) 
tested whether recalibration occurred functionally between indoor climbing walls where fingers 
and feet are used to support body weight in icefall environments in which ice axes are adjusted 
to support and control body weight and use of extremities for ascent. One can expect that 
generality of transfer between previous experiences on an indoor climbing wall and 
performance on an icefall to be obvious, as in both climbing environments, climbers have to 
control body weight with respect to the environmental constraint of gravity, and use limb 
extremities (Seifert  et al., 2016). However, specific transfer involves a highly coupled performer-
environment system, such as the complex system made up of climber, ice tools, and icefall, 
which does not emerge in indoor climbing. In ice climbing, these tools are used by ice climbers 
to explore the physical properties specific to the icefall environment (density and thickness) in 
order to estimate ice fragility (Seifert et al., 2016; Seifert, Wattebled, et al., 2014).  

In traditional approaches to learning design, arguably too much emphasis has been 
placed on practice tasks structured for the repetitive reproduction of specific actions (Button 
et al., 2020). For example, learners are typically taught to swim in comfortable, clear and calm 
aquatic environments (Kjendlie et al., 2013), mainly for safety and logistical reasons. However, 
such physical education approaches fail to simulate the varied environmental constraints, such 
as currents, tides, cold temperatures, weather or waves (i.e., major determinants of aquatic 
environments), characteristic of open water environments (Guignard, Button, et al., 2020). The 
specific-general transfer continuum was neatly illustrated by Oppici and Panchuk (2022) within 
a pertinent example. They suggested that specific transfer from a pool to open water may be 
observed as an experienced pool-swimmer typically adopts a streamlined position in open 
water to minimise drag and propel themselves forcefully in a desired direction. As the swimmer 
practices in open water, they may also learn to utilise non-specifying information invoking a 
more general form of transfer (or ‘attunement to surrounding affordances’). Hence specific and 
general forms of skill transfer interact, which helps us to understand why some water safety 
skills (like floating or swimming) in open water can be challenging for pool-trained learners. 
Ecological dynamics, underpinning principles of nonlinear pedagogy, promotes the design of 
representative tasks in which learners can acquire foundational aquatic skills that they need to 
transfer to varied outdoor environments, typically presenting a richer range of affordances than 
indoor swimming pools (Button et al., 2023). 

Moreover, attunement and calibration of the perceptual-motor system to reliable 
information appears to be a prerequisite for any form of transfer from one environment to 
another. If this prerequisite is respected, the quantity of exploratory activity necessary to adapt 
actions to the new environment depends on the intensity and nature of the disturbance. To 
test this hypothesis, Hacques et al. (2021) designed a learning protocol in a climbing task with 
a complex route path soliciting learners to explore functional ways to grasp climbing holds and 
to chain grasping actions. This learning protocol was investigated in three transfer routes 
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manipulating either the distance between handholds, the orientation of the handholds or 
handholds shape (Figure 1). Findings revealed that learners can effectively adapt climbing 
actions when new properties (Distance route) invite superficial adaptation (refinement of 
climbing actions). But there was less adaptation of climbing actions when new properties 
(Orientation route) induced deep behavioural adjustments (e.g., different grasping actions, 
different postures) (Hacques et al., 2021).  

 

 
Figure 1. Manipulation of the handholds to create the transfer routes. The arrows indicate the 
preferential grasping enabled by the handhold. 
 

In conclusion, to facilitate generalization or transfer from one environment (e.g., training 
session) to another environment (e.g., competition), practitioners should develop expertise in 
manipulating task constraints to support exploration of a new task to be performed and the 
exploitation of pre-existing behavioural patterns in their repertoire.  
 

4. ‘Talent’ 
 
An ecological dynamics approach conceptualizes ‘talent’ as a continuous refinement 

of a functional (goal-directed) relationship between an individual and a performance 
environment (Araújo & Davids, 2011a, Araújo et al., 2023). ‘Talent’, and consequently, sport 
skill can be refined through practice designs that emphasize discovery and exploitation of 
functional action solutions in a varied field of affordances to improve an individual’s 
performance effectiveness. Less structured and informal play, games and practice activities 
might help to develop athletic potential in beginners, including children. It is important to 
recognise the need for children to play and engage in more general sports experiences and 
activities which form a crucial part of learning and development in the young of all species, 
including humans. 

Ecological dynamics also stresses the importance of early diversification of practice 
experiences in children and youth, exposing learners to a rich variety of structured and 
unstructured games and play activities to develop them as individuals first, enhancing their 
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potential to engage athletically with different performance contexts, prior to the selection of a 
main sport at a later stage of childhood (Davids et al., 2017). Once an athlete, labeled as 
‘talented’ starts to participate in a sport domain, there begins an intense socialization process 
where training, evaluation, institutionalization and framing takes place for continued 
development of skill. This is the formalized process of working on ubiquitous skills refining and 
refining them into sport skills. And this process differs from one sport to another. Practicing 
multiple sports during career development further explains that skill learning is not simply 
about potentiality, but also actuality (Araújo et al., 2023), i.e., how learning is expressed in 
contextualized expert performance. 

Early identification, selection and specialisation models provide a brief snapshot of 
tendencies at a particular phase of development in a nonlinear dynamical perception-action 
system, changing through infancy and childhood into adolescence and beyond into adulthood 
and older age. Results of ‘talent’ identification assessments and tests administered at one point 
in time should be viewed as a temporary estimate of correlates for performance which might 
shed light on learning, but which will change because of the inherent nonlinearity in all human 
movement systems (Davids et al., 2017). Predictions on the likelihood of elite performance 
emerging in developing athletes are speculative due to the nonlinearity of human behaviours 
which are continuously shaped by interacting task, environmental and individual constraints. 
Ecological dynamics has emphasised the continuous development of potential in athletes 
throughout childhood and into adulthood, providing them with a range of less structured and 
more structured learning opportunities to develop perception and action tendencies and 
capacities to engage with dynamic performance environments.  
 

5. Conclusion and practical implications 
 
To summarize, ecological dynamics is an integrated framework with significance for 

understanding sport performance and human movement. Tenets of ecological dynamics can 
be investigated along three timescales: (1) Behaviour and performance; (2) Learning, expertise 
and transfer; (3) ‘Talent’ in sport. The practical implications of ecological dynamics invite 
movement practitioners to reconceive motor learning as a nonlinear process. Practitioners 
need to continuously work on enhancing an individual’s functionality of interactions with a 
performance environment through the process of skill adaptation. Skill adaptation may drive 
learners to engage more successfully with specific task dynamics. Five core principles of 
Nonlinear Pedagogy are: representativeness, constraints manipulation, informational 
constraints, task simplification, and functional variability (Chow et al., 2021). Educating 
practitioners’ own intentionality for ensuring that practice represents a performance 
environment, helps a learner to attune to relevant affordances for learning. Understanding and 
manipulating key constraints requires athletes to explore their perceptual and physical 
boundaries to satisfy task goals. Improving a performer’s awareness of key informational 
constraints supports them in directly modify their behaviours, enriching their capacity to 
engage with each practice context which they encounter. Through task simplification, 
practitioners can help to highlight key perception-action couplings appropriate to an athlete 
and promote an active form of problem-solving which is not encouraged when athletes are 
heavily instructed. Finally, and critically, when practitioners respect and promote functional 
movement variability, it helps an athlete to thoroughly explore the perceptual-motor 
workspace and not to be trapped in reproducing stable solutions that may not be suitable 
throughout their lifespans. 
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