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Objective: This systematic review aimed to synthesize recent evidence on the
ecological dynamics approach in motor learning, with particular attention to its
application in sport and educational contexts.

Methods and Materials: The review was conducted in accordance with PRISMA
2020 guidelines. Scopus and Google Scholar databases were searched for studies
published between 2015 and 2024. A total of 4,387 records were identified, and 11
studies were included in the final synthesis. The included literature comprised
heterogeneous study designs, including empirical studies and conceptual contributions,
addressing technical skill acquisition, adaptability, creativity, perceptual-cognitive
development, and pedagogical applications.

Findings: Overall, the findings suggest that ecological dynamics-informed approaches
may support adaptive motor learning and functional variability, although conclusions
should be interpreted cautiously due to variability in study design and methodological
quality.

Conclusion: The results highlight the practical relevance of constraint-based
approaches for coaches and physical education teachers, while emphasizing the need
for more rigorous and comparable empirical research.
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1. Introduction

otor learning is a complex and dynamic process

through which individuals acquire, stabilize, and
continuously adapt functional motor patterns to effectively
interact with their surrounding environment (1, 2). Rather
than being a linear or static phenomenon, motor learning is
characterized by ongoing adaptation to changing internal
and external conditions. Traditional cognitivist theories (3)
conceptualize movement primarily as the result of internal
representations, motor programs, and executive planning
processes. Within this framework, learning is often
understood as the progressive refinement of pre-defined
movement patterns through repetition and feedback. In
contrast, the ecological dynamics approach conceptualizes
motor behavior as an emergent property of the continuous
interaction between the individual, the task, and the
environment (4-6). Rooted in ecological psychology and
dynamic systems theory, this perspective emphasizes the
inseparability of perception and action, the functional role of
movement variability, and self-organization processes as
fundamental mechanisms underpinning motor learning (7-
10). From this viewpoint, variability is not interpreted as
noise or error, but rather as a functional resource that allows
learners to explore multiple movement solutions and adapt
effectively to contextual constraints. Over recent decades,
physical activity and sport have been increasingly
recognized as powerful tools for fostering not only motor
development (11), but also cognitive, emotional, and socio-
relational skills across the lifespan, from childhood to
adulthood (12-15). Within this broader educational and
developmental framework, the ecological dynamics
approach has gained growing relevance, as it places the
learner at the center of an active process of adaptation and
meaning-making through movement (5). In particular, it
highlights variability and exploration as essential conditions
for the emergence of flexible, adaptive, and context-
sensitive motor behaviors (16). This theoretical shift has
stimulated increasing interest in alternative models of motor
teaching and learning, moving away from prescriptive,
technique-centered instruction toward learner-centered and
constraints-led approaches (17, 18). According to the
ecological dynamics approach, motor learning emerges from
the dynamic interplay among organismic, environmental,
and task constraints, without the need for centralized control
or pre-programmed solutions (19, 20). Learners are viewed
as active agents who perceive affordances offered by the

environment relative to their own capabilities and who self-
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organize adaptive movement solutions in real and variable
contexts (21-23). This perspective stands in clear contrast to
traditional instructional models that prioritize technical
repetition, error correction, and the standardization of
movement execution (24). Within the ecological-dynamic
framework, motor variability is instead considered a key
driver of learning, facilitating the search for heuristic and
functional solutions (25) and enabling the stabilization of
effective coordination patterns through the systematic
manipulation of individual (e.g., anthropometric
characteristics), environmental (26), and task-related
constraints (27). Despite a growing body of literature
demonstrating the effectiveness of the ecological-dynamic
approach in enhancing motor competence, adaptability, and
performance in variable and unpredictable environments,
relatively limited attention has been devoted to its potential
effects on the transfer of cognitive, perceptual, and decision-
making skills beyond purely motor contexts (28). This gap
restricts the full exploitation of the educational and training
potential of the ecological-dynamic paradigm, particularly in
school and sport settings where the ultimate goal extends
beyond technical proficiency to encompass holistic
individual development. Considering these considerations,
the present review aims to analyze and synthesize recent
scientific evidence on the effectiveness of the ecological-
dynamic approach in promoting adaptive and transferable
motor learning, with particular emphasis on its practical

implications for educational and sporting contexts.

1. Methods and Materials
1.1 Study design

This study was conducted as a systematic review and
reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA
2020) guidelines.

1.2 Search strategy

A systematic literature search was conducted in Scopus
and Google Scholar to identify relevant studies published
between January 2015 and December 2024. The final search
was performed in March 2025. The search strategy included
combinations of the following keywords: “ecological
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dynamics”, “ecological dynamics approach”, “constraints-
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led approach”, “motor learning”, “skill acquisition”, “motor
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task”, “transfer”, “adaptation”, “physical education”, and

“sport”, using Boolean operators (AND/OR). A
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representative search string used in Scopus was: (“ecological
dynamics” OR “ecological dynamics approach” OR
“constraints-led approach”) AND (“motor learning” OR
“skill acquisition” OR “motor task”) AND (“transfer” OR
“adaptation” OR “physical education” OR “sport”). Google
Scholar was used as a complementary search source to
broaden retrieval. Records identified through Google
Scholar were screened using the same eligibility criteria

applied to the database search.
1.3 Eligibility criteria

Studies were included in the review if they met specific
criteria. In particular, only articles published in English
between 2015 and 2024 were considered. Furthermore,
studies were required to address ecological dynamics or
constraints-led approaches in relation to motor learning and
to be situated within sport, physical education, or movement-
related educational contexts. Only original full-text articles
were included in order to ensure the relevance and
completeness of the data analyzed. Studies were excluded if
they did not meet these criteria. More specifically, reviews,
books, book chapters, editorials, and conference abstracts
were not considered. In addition, studies that were not
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directly related to motor learning or ecological dynamics
were excluded. Articles that were not available in full text or
not written in English were also removed from the final
selection.

1.4 Study selection, data extraction, and quality

appraisal

After the initial search, records were screened for
relevance. Titles and abstracts were first examined, and
potentially eligible studies were then assessed in full text
according to the predefined inclusion and exclusion criteria.
The selection process followed the PRISMA phases of
identification, screening, eligibility, and inclusion. For each
included study, the following information was extracted:
authors, year of publication, study design, context, main
focus, and principal findings. Given the heterogeneity of the
included literature, particularly the presence of both
empirical and conceptual contributions, methodological
quality was considered qualitatively in the interpretation of
findings. Particular attention was paid to study design,
sample characteristics, intervention scope, and clarity of
reported outcomes in the empirical studies.

PRISMA flow diagram

Records sdentifiad from Scopus
e Google Scholar: total (n=4387)

Records excluded.
Publishad outside 2015.2024

(n=127)

— (5= 3193)
AL
- l
Records screeed Records excluded
(m=1194) —— | Not onginal ressarch articles
and review artscles (o= 873)
Reparts sought for retrieval Reéports not retnsved
(o= 321) * | (n=1%)
Reports exclhaded
Reports assessad for ehigibility e Journal not selected Jess

Studies includad m review
(o=11)

Figure 1. PRISMA flow diagram of the study selection process
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2. Results

After conducting the initial search, a total of 4,387
records were identified. These records were screened
through several stages, leading to the inclusion of 11 studies
in the final synthesis (Figure 1). The included studies were
heterogeneous and comprised both empirical and conceptual
contributions.

The PRISMA flow diagram illustrates the phases of
identification, screening, eligibility assessment, and final

Table 1. Summarizes the characteristics of the included studies.
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inclusion of studies. Of the 321 reports sought for retrieval,
194 could not be retrieved because the full text was not
accessible through the institutional subscriptions and open-
access sources available to the review team (e.g., paywalled
articles or conference records without an archived full text).
No formal deduplication step was performed across the two
databases; the overlap between Scopus and Google Scholar
records was not systematically quantified, and this is
acknowledged as a methodological limitation of the search
strategy.

Authors (Year) Study type Context Main focus
Esposito et al., 2024 Experimental Soccer Skill performance
Pol et al., 2020 Conceptual Sport Complex systems
Moreau et al., 2015 Experimental Cognitive-motor training Cognitive effects

Praxedes et al., 2022 Observational/empirical Soccer Decision-making and task constraints
Chow et al., 2021 Pedagogical Physical education Nonlinear pedagogy

Wood et al., 2023 Conceptual Coaching Coach as learning designer

Caldeira et al., 2024 Experimental Volleyball Skill adaptation

Marshall et al., 2024 Conceptual Rugby Creativity

Ade¢ et al., 2022 Conceptual Physical education Enactive and ecological integration
Rudd et al., 2021 Conceptual Physical education Ecological physical education
Woods et al., 2020a Conceptual Sport coaching Learning design

3. Discussion

Overall, the reviewed literature suggests that ecological
dynamics-informed approaches may offer meaningful
advantages for motor learning, particularly in relation to
adaptability, functional variability, and responsiveness to
changing contexts. However, these findings should be
interpreted cautiously because of the heterogeneity of study
designs, participant characteristics, and outcome measures
across the included studies. The ecological-dynamic
paradigm has progressively gained prominence within
scientific research, applied sport settings, and educational
contexts, establishing itself as a robust and theoretically
grounded alternative to traditional instruction models based
on repetition, standardization, and error correction.
Emerging empirical evidence, particularly from the
experimental study conducted by Esposito et al. (2024) (29),
supports the effectiveness of the ecological dynamics
approach in the training of young soccer players. Their
findings reveal significantly greater improvements in
passing performance among participants exposed to
constraint-led training environments compared to peers
trained through prescriptive methodologies. These results
theoretical framework that

align with a broader

reconceptualizes learning as an emergent, situated, and
context-dependent process, rather than as a linear
transmission of technical knowledge from coach to athlete.
Beyond the motor domain, several studies suggest that
ecological dynamics based training may positively influence
perceptual-cognitive and executive functions. In this regard,
the work of Moreau et al. (2015) demonstrates that complex
motor programs designed according to ecological principles
can enhance executive functioning and cognitive flexibility,
indicating that the benefits of this approach extend beyond
motor skill acquisition alone. Extending this perspective, Pol
et al. (2020) argue that the synergistic manipulation of
constraints across individual, task, and environmental levels
fosters a dynamic process of coach—athlete co-adaptation.
This process, in turn, supports the transferability of problem-
solving strategies to contexts that are not strictly motor-
related, thereby reinforcing the educational value of
ecological dynamics

approach training frameworks.

Empirical investigations conducted in sport-specific
contexts further substantiate these claims. Praxedes et al.
(2022) demonstrate that the modulation of defensive
opposition during attacking tasks in soccer significantly
shapes the technical-tactical solutions adopted by players
30). Similarly, Caldeira et al. (2024) show that the

deliberate introduction of functional variability within
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attacking drills in volleyball promotes the emergence of
more effective and adaptable motor patterns compared to
standardized training approaches (31). These findings
reinforce the notion that learning environments rich in
variability and affordances facilitate the exploration of
diverse and context-sensitive movement solutions.
Creativity, a dimension often marginalized within
prescriptive training models, emerges as a central construct
within the ecological dynamics approach. As argued by
Marshall et al. (2024), constraint-led and non-linear learning
environments not only support the development of
functional behaviors but also create optimal conditions for
the emergence of creative actions in sport (32). Within this
framework, athletes are no longer viewed as passive
executors of predefined tasks, but as active agents who
explore, adapt, and co-construct novel motor solutions in
response to evolving situational demands. The
pedagogical implications of the ecological dynamics
approach

have also been extensively explored within educational
settings. Chow et al. (2021) illustrate how non-linear
pedagogy can inform the design of more effective physical
education lessons by promoting exploration, functional
variability, and adaptive learning processes (16). In parallel,
Rudd et al. (2021) and Ad¢ et al. (2022) propose integrative
models that combine ecological-dynamic and enactive
perspectives, giving rise to innovative, embodied, and
multidimensional teaching practices (33, 34). In particular,
Adé et al. (2022) emphasize the complementarity between
the enactive approach, which foregrounds lived bodily
experience (33), and the ecological-dynamic framework,
which enriches learning through the structured manipulation
of affordances and constraints in physical education
contexts. Another significant line of inquiry concerns the
evolving role of the coach and teacher within ecological-
dynamic learning environments. Woods et al. (2020a) and
Wood et al. (2023) describe a paradigmatic shift in which
training is no longer conceived as a process of correcting
deviations from an idealized technical model (35, 36).
Instead, coaching is reframed as the intentional design of
learning environments that enable meaningful interactions
between individuals and their contexts. Within this
perspective, the coach assumes the role of a “designer of
learning ecosystems,” guiding learners’ attention toward
relevant affordances, facilitating exploration, and fostering
creativity, particularly in complex and dynamic team sports.
Despite the overall consistency and strength of the evidence,
several methodological limitations emerge across the
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reviewed studies. Considerable heterogeneity is observed in
terms of experimental designs, sample sizes and
characteristics (e.g., youth versus adult populations,
individual versus team sports), intervention durations, and
outcome measures. This variability limits the feasibility of
quantitative synthesis through meta-analytic procedures and
complicates direct comparisons across studies. Finally,
inter-domain transfer, i.e., the generalization of the benefits
of the ecological dynamics approach to cognitive, emotional,
or social contexts, remains an under-explored area.
Longitudinal studies integrating cognitive, socio-affective,
and motor indicators are therefore needed to assess the
sustainability and scope of the improvements induced by this
approach.

4. Conclusion

The available evidence suggests that the ecological
dynamics approach represents a promising framework for
promoting adaptive motor learning and enhancing the
interaction between individuals and their environment. It
appears particularly relevant for sport and educational
settings in which flexibility, exploration, and context-
sensitive performance are central. However, the current
body of literature remains heterogeneous in terms of
methodological design, sample characteristics, and reported
outcomes. For this reason, conclusions regarding the
superiority of ecological dynamics over traditional
prescriptive approaches should be considered preliminary.
Future research should adopt more robust empirical designs,
clearer intervention reporting, and more comparable
outcome measures in order to strengthen the evidence base
and support more rigorous synthesis.
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