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The field of motor learning faces a critical gap between foundational theory and real-world application. This editorial synthesizes
expert discussions from the First Theoretical and Applied Advances in Motor Learning Conference to address key issues
impeding further progress. We are hampered by the science of “averages,” characterized by an overreliance on data from
homogenous, Western, educated, industrialized, rich, and democratic populations and a flawed assumption of cognitive
uniformity. This approach masks critical individual differences, limiting the translational potential of our science and leading
to one-size-fits-all enhancement strategies. We propose a multitiered roadmap for the maturation of our field. The foundational
priorities are structural: embracing co-creation with diverse communities; moving beyond Western, Educated, Industrialized,
Rich, and Democratic science; and implementing structured mentorship and active sponsorship to empower a new generation of
scholars. Building on this, we advocate for technology-driven individualization like using advancedMobile Brain/Body Imaging
techniques for the development of neurophenotypes, to fulfill the potential of Brain–Computer Interfaces. Finally, we call for a
precision-enhancement framework, shifting from “learning boosters” to a diagnostic-to-prescriptive model that targets specific,
identified bottlenecks. This roadmap allows our field to build upon its foundational principles to create a more effective,
accessible, and equitable motor learning science for all.
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The field of motor learning and development has reached a critical
juncture. While foundational principles have been established
through decades of rigorous laboratory research, there is a growing
consensus that progress is being hampered by a persistent gap
between theory and real-world application. Key challenges such as
the limited diversity of study populations, the inefficiencies of one-
size-fits-all interventions, and the complex ethics of emerging
technologies require a concerted, forward-thinking effort from the
research community. To address this bottleneck, the First Theoret-

ical and Applied Advances inMotor Learning Conference was held
on November 2–4, 2022, at the University of Twente Campus in
Enschede, The Netherlands. Funded by the European Union’s
Horizon 2020 research and innovation program under a Marie
Skłodowska-Curie Fellowship awarded to Russell W Chan (No.
898286), the conference program focused on current and future
motor learning research directions around the themes of diversity,
individualization, and enhancement. In addition to keynote lectures
and plenary talks, the program included round table discussions
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designed to allow the 25 delegates from eight countries around the
globe to define challenges and outline future directions related to
the three conference themes. The purpose of this editorial is to
synthesize these expert discussions and communicate to the wider
motor learning researcher and practitioner community a roadmap
for future research and practice regarding three key themes: (a)
diversity in our research populations and scholars, (b) the resulting
need for individualization in our methods, and (c) the precise
application of enhancement strategies.

The Foundational Challenge: A Science
of Averages, Not Individuals

A significant challenge limiting the generalizability of motor learning
principles is our field’s narrow demographic scope. The vast majority
of research in our field relies on participants fromWestern, educated,
industrialized, rich, and democratic (WEIRD) societies, a concern
that echoes across the behavioral sciences (Keyes et al., 2024).
Whether it is a scientific choice for the study of mechanisms or a
choice of convenience, it raises critical questions about the applica-
bility of our findings as motor actions are deeply influenced by
cultural norms, educational practices, and physical environments that
vary widely across global populations (Karasik et al., 2010). Conse-
quently, the field risks developing theoretical models and interven-
tions that are not universally effective (Valentini et al., 2022).

This reliance on homogenous samples directly causes our
inability to account for individual differences. Our field tends to
treat the immense variability between individuals not as a core
feature of learning, but as an obstacle to our models of motor
control and learning mechanisms. While our models explain group
averages, they are still unable to clearly outline why one person
learns faster, develops a different strategy, or responds better to a
specific intervention than another (Abrahamse et al., 2013;
Anderson et al., 2021; Seidler & Carson, 2017; Verwey, 2024).
This is not only a minor theoretical detail but one of the primary
reasons for there being a gap of effectively translating benefits of
motor learning to the diverse general population. Furthermore,
even in specialized contexts like clinical research and elite sports,
our field’s reliance on group averages often masks the fact that
successful interventions may not work or may even be detrimental
for some individuals. Our field is now poised to move beyond the
“average” human and embrace the full spectrum of individual
learners. We must dedicate our efforts to understanding the rich
diversity and unique needs of developing children with different
needs, aging adults that aim to impede motor skill decline, patients
that want effective personalized rehabilitation, and high-perfor-
mance athletes striving for their next medal. This outward-facing
challenge of participant diversity is mirrored by an inward-facing
one: a scholarly community that also lacks diversity, particularly
from the Global South. This, combined with insufficient platforms
for early-career researchers (ECRs), makes our science remain
locked in an echo chamber of established ideas.

The Way Forward: Embracing Human
Variability—From WEIRD Science to

Personalized Profiles

We affirm that the issues of diversity and individualization are
inseparable: to solve one, we must solve the other. Therefore, we
propose a three-step approach for a decisive shift away fromWEIRD

science and toward a unified framework. The first step lies in adopting
a co-creation and global collaboration model, partnering directly
with diverse communities to design and implement culturally relevant
research (Real & Schmittinger, 2022). This requires funders and
scientific review panels to become active agents in dismantling
WEIRD bias and actively support international, multilab collabora-
tions, like the Global SUNRISE study (Kariippanon et al., 2022) or
the European WEAVE-Program (WEAVE, 2025). The building of
representative data sets starts today, and with each successful
initiative, we further empower scholarship that works at a global
level. At the local level, this also means treating participants not as
passive subjects, but as active co-designers who are empowered to
drive the direction of future research themes, as exemplified by the
Dutch Research Agenda (Nationale Wetenschapsagenda [NWA]),
The Netherlands Organisation for Health Research and Develop-
ment (ZonMW), and Horizon-Europe projects. We can take a cue
from successful clinical research funding in that requirements from
patients are clearly elicited before interventions start so that their
needs are tailored into these programs and each iteration provides
feedback for increased personalization. If we take inspiration from
this approach and inbuild it not as an afterthought but as a core
design principle of our experiments, the diversity of participants and
their needs at each stage of research can be enlightening for our
community and target populations (Smits et al., 2020).

The second step is to commit to technology-driven person-
alization. We must leverage technology to move from group
averages to individual profiles. The immediate future lies in the
cutting-edge implementation of multimodal data from Mobile
Brain/Body Imaging techniques (Barnstaple et al., 2021; Chan
et al., 2025), for the establishment of neurophenotypes that can
unravel biologically grounded classifications of learner types
based on computational psychophysiology (Bigdely-Shamlo
et al., 2020; Emish & Young, 2024). By feeding these high-
dimensional profiles into machine learning models (Adans-Dester
et al., 2020; Zabolotniy et al., 2025), we can begin to predict
individual learning trajectories and identify specific bottlenecks
that are contextually driven. The end-goal application of this lies
in closed-loop Brain–Computer Interfaces, which can deliver
truly personalized, real-time interventions (Müller-Putz et al.,
2022). Systems like g.tec’s RECOVERIX (Irimia et al., 2016) are
not just theoretical, they are proof that using an individual’s own
neural signals to guide therapy can become the norm of effective
rehabilitation in the near future.

The third final step in this challenge is the implementation of
structured mentorship and active sponsorship to empower future
scientific generations and ECRs (particularly those from underrep-
resented backgrounds). This mentorship cannot be ad-hoc; it must
provide explicit guidance on the core competencies of a successful
scientific career, including the dissemination of high-impact
research, designing robust experiments with impact in mind,
navigating peer review, securing seed grant funding, and translat-
ing scientific work into societal benefit. The Marie Skłodowska-
Curie Action Doctoral Training Networks of the Horizon Europe is
one such funding structure that provides excellent opportunities for
the training of young talented researchers of the future with this
research attitude. Beyond this guidance, we also call upon senior
peers to act as sponsors: meaning to proactively advocate for ECRs,
use their influence to nominate them for awards and speaking roles,
and create pathways for them to lead and progress in their careers.
We also advocate our peers organizing future conferences in our
field to dedicate seed funding mechanisms for ECRs and specific
programs to link mentors with mentees, aimed at infusing the field
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with the new ideas and perspectives essential for the vitality of
pushing the next generation of scientists.

The Enhancement Challenge: Beyond the
Assumption of Cognitive Uniformity and

Blind Enhancement

A critical yet often unstated challenge in motor learning research is
the implicit assumption that all participants possess equivalent
cognitive capacity to benefit from learning programs and interven-
tions. We design experiments and test as if executive functions like
attentional control and working memory are uniform across in-
dividuals. This flawed assumption, while already problematic in
our typical young adult student-based convenience sampled ex-
periments, becomes invalid when studying clinical populations,
which are sampled from the whole, highly variable population.
This assumption directly contradicts the core themes of diversity
and individualization; if we accept that individuals are different, we
must also accept that their cognitive readiness to learn is also
different. The contentious evidence and replication failures for
many “brain games” (Flores-Gallegos & Mayer, 2022) and nonin-
vasive brain stimulation (NIBS) techniques (Das et al., 2016) are
direct symptoms of this problematic, one-size-fits-all approach,
which provides solutions without first isolating the problem.

The search for universal “learning boosters” has led to a fieldwith
often contentious and contradictory findings. For example, the evi-
dence from meta-analyses for NIBS as a general cognitive or motor
enhancer remains equivocal, concluding that NIBS offers, at best,
small-to-moderate, context-dependent effects with significant hetero-
geneity across studies (Harris et al., 2025; Tao et al., 2024). The field
has mainly focused on the question, “Does NIBS work?,” but this
framing is misdirected. The controversy surrounding NIBS should be
reframed as the strongest possible evidence for a precision approach.
The correct and more fruitful and contextually rich question is “For
whom, for what specific bottleneck, and under what conditions does a
given enhancement strategy work?” Answering this requires a funda-
mental change in our experimental and clinical paradigm.

The Way Forward: A Precision-
Enhancement Framework

Our recommendation involves a two-step approach to tackle the
enhancement challenge. The first step is to adopt a diagnostic-to-
prescriptive approach, meaning that, before applying any interven-
tion, we should first identify an individual’s specific cognitive-
motor profile and needs. This is a direct application and further
development of the neurophenotyping concept discussed earlier
and is achieved by using multimodal data to identifying specific
bottlenecks for a learner. For example, is an individual’s slow
progress due to a deficit in sustained attention, limitations in the
ability to maintain information in working memory, or high levels
of performance anxiety? By targeting the specific limiting factor,
we can move away from a one-size-fits-all approach and select
targeted, evidence-based interventions.

Once a specific bottleneck is identified, targeted evidence-based
interventions can be applied with greater precision. This is where
NIBS’ cognitive and contemplative strategies offer significant,
targeted value. For a learner diagnosed with poor attentional control
or high susceptibility to cognitive interference, brief sessions of
focused-attention meditation may be a potent intervention, priming

the brain for more efficient motor encoding by modulating frontal
cortical activity (Chan et al., 2020; Immink et al., 2017). Similarly,
for an individual showing poor long-term memory retention, the
focus should be on sleep hygiene as a primary intervention.
Leveraging sleep as a targeted tool to enhancememory consolidation
(Boutin et al., 2024), particularly through postlearning naps for older
adults (King et al., 2016), treats the approach not just as a general
recommendation but as prescribed therapy for an identified consoli-
dation deficit. Mental/motor imagery for those who are physically
injured not only engages domain-specific neural networks but also
contributes to the development of expert-like performance by
optimizing neurocognitive resources and enhancing plasticity (De
Kleine &Van der Lubbe, 2011; Debarnot et al., 2014; Sobierajewicz
et al., 2017). For individuals who show significant performance
decrements when performing a motor task concurrently with a
cognitive task, dual-task training shows systematic learning benefit
leading to improved performance and retention (Li et al., 2025;
Surkar et al., 2025).

This precision framework also forces a reevaluation of NIBS, in
that its future use likely lies not in its use as a blunt instrument to
globally enhance learning, but as a highly targeted tool. If a
diagnostic approach identifies a specific hypoactive neural circuit
underlying a cognitive bottleneck, then targeted NIBS (e.g., anodal
Transcranial Direct Current Stimulation) could be used as a precision
tool to modulate that circuit’s excitability in synergy with a relevant
behavioral practice (Hummel, 2025; Maceira-Elvira et al., 2024).
This integrated, diagnostic-to-prescriptive model represents the most
promising path forward, ensuring that enhancement strategies are
used not just because they exist, but because they become the right
solution for the right individual at the right time.

Conclusion: An Actionable Blueprint for the
Next Decade

The path forward for motor learning science, as highlighted by our
expert panel and conference, requires a multitiered approach that is
immediately actionable and technologically ambitious. As immedi-
ate and foundational priorities, we advocate for structural and
methodological shifts that can begin today: embracing co-creation
with community stakeholders to ensure that our research is relevant,
implementing structured research to move away from WEIRD
science, and implementing structured mentorship and active spon-
sorship to empower a more diverse generation of scholars. This will
enable future scholars to tackle the frontiers of neurophenotyping
toward precision-driven enhancement systems.

This shift does not mean abandoning the pursuit of mechanisms
from the investigation of averages, which are also valuable and
necessary steps in establishing the general principles and founda-
tional cognitive-biological models of our field. Rather, it represents a
maturation of our science. We have now reached a point at which
new statistical and technological advances allow us to build upon
that foundation, integrate complexity, and progress to a new,
individual-based science. By building upon these principles and
embracing the complexity of individuals, we have an outlook on
closing the persistent gap between theory and practice. This is not
just a recommendation; it is a mandate for the future of our field to
ensure impact on the general as well as the clinical populations. By
committing to both the foundational and frontier aspects of this
roadmap, our field can move beyond generalized principles to
unlock the full spectrum of human potential, ensuring that the
benefits of our science are effective, accessible, and equitable for all.
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