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ABSTRACT ARTICLE HISTORY
Research on executive functions (EFs) has gained increasing Received 5 September 2025
attention in sport and exercise science and psychology. While EFs Accepted 22 July 2026

are widely discussed for their potential to enhance athletic

performance, the direct evidence remains inconclusive due to E h .

K . R . - xecutive functions; sport
rjne.thodologlcayl |ncc.>n.5|st.enC|es, conceptual a}mblgul'gy, a.\nd and exercise psychology;
limited ecological validity in current research designs. This article physical activity; research
addresses these challenges by offering ten recommendations and methodology; cognitive
methodological guidelines for future EF research in sport and assessment
exercise contexts. It advocates for the use of standardized
definitions, the development of ecologically valid and sport-
relevant tasks, and the inclusion of diverse participant
populations,  while  emphasizing the importance  of
multidisciplinary collaboration. The article also highlights key
gaps, such as the weak causal evidence linking EF training to
performance outcomes, and the variability of such effects across
populations. By integrating evidence-based guidance with
theoretical insights, the proposed recommendations aim to
support rigorous, interdisciplinary, and applied EF research with
greater translational value for sport and exercise psychology.

KEYWORDS

Research on executive functions (EFs), a set of three core cognitive processes including
inhibitory control, working memory, and cognitive flexibility, has gained significant trac-
tion in sport and exercise science and psychology in recent years (see Furley et al., 2023).
These functions are considered essential for successful performance across various
domains, from academic achievements to complex motor tasks (Diamond, 2013). In the
context of sport and exercise, EFs have been proposed as significant contributors to ath-
letes’ ability to plan, adapt, and make rapid decisions under pressure. At the same time,
there is growing interest in the potential for physical activity and sports participation to
enhance EF, leading to discussions about the mechanisms underlying this relationship.
However, research in this area continues to be hindered by a range of methodological
and conceptual limitations (Furley et al.,, 2023; Wood et al., 2023). Studies in this field
often suffer from inconsistent definitions of EF (Eslinger, 1996; Karr et al., 2018), limited
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validity and reliability of assessment tools (Diamond, 2020; Nyongesa et al., 2019), and
poor standardization in measurement techniques, study design, and data collection pro-
cedures (Furley et al., 2016; Packwood et al., 2011). These issues have contributed to an
ambiguous evidence base, making it difficult to draw conclusions about the relationship
between EF and athletic performance, or about the efficacy of EF training interventions
(Furley et al., 2023; Sala & Gobet, 2019).

This lack of robust empirical evidence has significant consequences for practice. Claims
that EF assessments can predict talent or that EF training directly enhances performance
often exceed the supporting science, fuelling commercially driven programmes marketed
as ‘scientifically proven’ despite weak evidence (Bailey et al., 2018; Harris et al., 2018). Such
premature applications risk undermining the credibility of sport and exercise psychology
and highlight the need for greater methodological rigour.

In response, this article sets out ten recommendations for academics, designed to
enhance the quality and precision of EF research. These recommendations span meth-
odological foundations, contextual influences, and population-level considerations,
offering both immediate guidance for improving current practices and long-term priori-
ties for shaping the field’s future direction. Specifically, we emphasize the importance of
establishing clear and unified definitions of EFs, adopting standardized and ecologically
valid measurement tools, and improving study design through longitudinal approaches
and greater transparency. We also highlight the value of considering developmental
factors, psychological moderators, and participant diversity, alongside fostering interdis-
ciplinary collaboration to ensure inclusivity and a more holistic perspective. Collectively,
these recommendations aim to provide researchers with a practical framework for gener-
ating more robust, reliable, and meaningful insights into the relationship between sport,
physical activity, and EFs.

Recommendation 1: Promote Theory-Driven and Evidence-Based
Definitions of Executive Functions

Definitions of EF should be grounded in solid theoretical approaches making sure to dis-
tinguish between tasks and theoretical concepts.

The term EF first appeared in the literature in the early 1980s (Lezak, 1982), building on
earlier work that had used the term ‘executive’ to describe frontal lobe functioning
(Pribram, 1973) and mental control processes (Baddeley & Hitch, 1974). EFs are
assumed to be central in understanding human thought and behaviour. They are typically
described as a family of cognitive processes that engage when behaviour must be
adjusted to novel, unanticipated circumstances and humans cannot rely on their auto-
matic, instinctive or intuitive response tendencies. A further central tenet of this construct
is the assumption that EFs are capacity-limited, which helps explain why individual differ-
ences in EF measures have been reported to be strongly correlated with various valued
achievements and life outcomes, such as school grades, academic success, and even
the quality of social relationships (Diamond, 2013; Katz et al., 2018).

Despite the cross-disciplinary interest in EF, the conceptualization of EF presents
notable challenges in the field due to the complex and multifaceted nature of the con-
struct (Miyake et al.,, 2000; Yanglez et al., 2023). With at least 33 different definitions
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and 68 subcomponents identified within the EF literature, this significantly complicates
cross-study comparisons and the creation of a unified EF model (Eslinger, 1996; Karr
et al., 2018; Packwood et al,, 2011). Among the various challenges that hinder the devel-
opment of a coherent theoretical framework, one major issue is the lack of consensus
among researchers regarding the core dimensions, definitions, and measurements of
EF. Some researchers conceptualize EF as a unified structure (Miyake et al., 2000), while
others regard it as a collection of independent abilities (Eslinger, 1996; Karr et al., 2018).

One of the most influential models on EF (Diamond, 2013) distinguishes three core EFs
from one another: Working memory (WM), inhibitory control, and cognitive flexibility
(Diamond, 2013). Working memory can be defined as the cognitive mechanisms
capable of retaining a small amount of information in an active state for use in
ongoing tasks (Baddeley & Hitch, 1974; Miyake & Shah, 1999). Inhibitory control involves
self-regulation by controlling one’s attention, thoughts, and emotions. Its importance has
been illustrated by Walter Mischel’s seminal work on delay of gratification (Mischel et al.,
1989). Typically, this involves overriding impulses resulting from internal or external
stimulation and instead adjusting behaviour in an intentional, goal-directed manner
(Simpson et al., 2012; Watson & Bell, 2013). Cognitive flexibility refers to the ability to
flexibly switch between different mindsets or tasks, taking a different perspective on
matters, and quickly and flexibly adjusting to new information and changing circum-
stances (Diamond, 2013). These core EFs are assumed to comprise the core building
blocks of higher-order EFs such as reasoning, problem solving, and planning (Collins &
Koechlin, 2012), which together underpin fluid intelligence. Yet the empirical evidence
supporting this hierarchical structure remains limited.

The unity/diversity framework proposed by Miyake et al. (2000) includes three core
functions - updating, shifting, and inhibition - that, while not clearly distinguishable,
are intercorrelated (see Panesi et al., 2022 for a current discussion on the distinction
between working memory capacity and updating). The original three-factor model has
since been modified to a nested-factor model, where a single common EF factor encap-
sulates the shared variance among updating, shifting, and inhibition (Friedman & Miyake,
2017; Miyake & Friedman, 2012). In applied samples such as athletes, evidence generally
supports the nested structure, with the unity/diversity distinctions also detectable to a
lesser extent (Brimmell et al., 2025). Although the unity/diversity framework has been
widely replicated and is among the most prominent models, confirmatory factor analyses
have revealed that EF measurement models frequently fail to achieve adequate fit across
studies for all age groups (Karr et al., 2018; Yanglez et al., 2023; Sambol et al., 2023). This
inconsistency raises concerns about model stability and replicability. The lack of consen-
sus on the conceptualization of EF complicates theoretical clarity and comparability
across studies. To address this, efforts should focus on integrating existing frameworks,
such as the unity/diversity model (Friedman & Miyake, 2017; Miyake et al., 2000). Standar-
dizing definitions and subcomponents of EF is crucial to enhance theoretical consistency
and enable meaningful comparisons across studies. Without this standardization, findings
remain fragmented, limiting their reproducibility and practical application.

However, reaching theoretical consensus has been shown to be especially challenging
in the field of EFs as this is closely connected to the difficulty of establishing a clear and
unified definition of EF. A further problem in this regard (which also touches on our
second recommendation: measurement) stems from a close link between definition
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and measurement of EFs. This problem has often been described in the broader field of
cognitive measurement (Mashburn et al.,, 2024) as it invites circular definitions like ‘intelli-
gence is what intelligence tests measure’ or ‘EFs are whatever EF tests measure’. Regard-
ing the most contemporary theoretical definitions, we recommend Mashburn et al.’s
(2024) reviews of the ‘unity/diversity theory’, ‘maintenance and disengagement theory’,
and ‘process overlap theory’. Maintenance and disengagement theory provides a more
granular look at how updating actually works by positing that the updating process
isn't a single action, but a two-step process of keeping the right things in and kicking
the wrong things out (e.g. Mashburn et al., 2020). Process overlap theory (Kovacs &
Conway, 2016) was set out to explain why different cognitive tests — like math, verbal,
and spatial reasoning - all tend to correlate with one another, with the underlying corre-
lation becoming known as g, the general factor of intelligence. While a detailed synthesis
of these theoretical approaches is beyond the scope of this review, our central point here
is to ground definitions of EF in solid theoretical approaches (e.g. Mashburn et al., 2024)
and make sure to distinguish between tasks and theoretical concepts. A way forward in
this regard was proposed by Gigerenzer (2017), in which the challenge of maintaining
theoretical hygiene is addressed by advocating for the integration, or at minimum the
convergence, of extant theoretical frameworks - i.e. ‘unity/diversity theory’, ‘maintenance
and disengagement theory’, and ‘process overlap theory’. Moving forward, researchers
should explicitly link EF tasks to theoretical constructs to enable coherent and comparable
findings across studies.

Recommendation 2: Employ Standardized and Validated Measurement
Tools

To improve measurement quality in EF research, researchers should use validated test bat-
teries that include multiple tasks per construct and report reliability transparently.

A central challenge for both EF measurement and interpretation in sport and exercise
research is task impurity, the tendency of tasks to recruit multiple cognitive processes sim-
ultaneously, making it difficult to isolate specific EF components. Latent-variable model-
ling or composite scoring represents the most reliable strategy for separating genuine
construct variance from task-specific noise (Friedman & Miyake, 2017; Miyake et al.,
2000; Yangliez et al., 2023). However, at the single-task level, apparent ‘core’ EF tasks
(i.e. single-task indices) may partly capture overlapping task-specific skills rather than dis-
tinct cognitive constructs. This is precisely why single tasks should be treated as insuffi-
cient indicators and researchers should rely on latent-variable or multi-task approaches
(Brimmell et al., 2025; Miyake & Friedman, 2012; Sambol et al., 2023). Although complete
isolation of EF components is rarely feasible, or even desirable, in applied sport and exer-
cise contexts, combining multiple complementary tasks per construct and applying com-
posite or latent-variable approaches can substantially strengthen construct validity while
preserving ecological relevance. Such approaches, however, typically require larger
sample sizes and sufficient trial numbers, which constrains their applicability in many
sport and exercise studies and should therefore be recognized as an important methodo-
logical limitation (Brimmell et al., 2022; Yangiiez et al., 2023). This issue lies at the heart of
ongoing debates on how to measure EFs and determine the components a task truly
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requires. Furthermore, many tests suffer from extraneous demands, procedural overlap,
and variability in task design, measurement techniques, and contextual factors, all of
which introduce task-specific variance and lead to inconsistent results (Friedman &
Miyake, 2017). It is also important to note that the proliferation of outcome variables in
EF studies can reflect a tendency to test multiple measures until a statistically significant
result is found, which may bias findings (Dwan et al., 2008).

Inhibitory control is commonly assessed with tasks such as the Stroop, Simon, Flanker, anti-
saccade, go/no-go, and stop-signal paradigms, which typically contrast congruent (primarily
nonexecutive) with incongruent (nonexecutive plus executive) trials. Because these
measures reflect a mixture of processes, using simple contrast scores can lead to contami-
nation. Recommended practices include employing multiple tasks, reporting psychometric
indices (e.g. test-retest reliability, ICCs), and, where feasible, using model-based indices
such as drift-diffusion parameters1 to extract more stable executive signals (Sambol et al.,
2023; Yangliez et al.,, 2023). Another challenge is the heterogeneity of indicators: some
studies emphasize reaction times, others accuracy, complicating cross-study comparisons.
While accuracy-based measures often yield higher reliability, they are also vulnerable to
ceiling and floor effects. Model-derived parameters such as drift rate frequently demonstrate
stronger psychometric properties, provided sufficient trial numbers and model convergence
are achieved. Regardless of indicator choice, studies should transparently report reliability
estimates and preprocessing criteria (Yanglez et al., 2023). Tasks like the Victoria Stroop, Con-
tingency Naming Test, and Stop-Signal Task combine speed and accuracy but emphasize
accuracy for robust results (Sambol et al., 2023). Rather than relying on raw difference
scores (e.g. congruent-incongruent), which often demonstrate poor reliability, researchers
should consider alternative strategies such as residualized scores, latent-variable approaches,
or model-based parameters. If difference scores are used, their psychometric properties (e.g.
ICCs, test-retest estimates) should be reported to ensure interpretability in individual-differ-
ences research (Westfall & Yarkoni, 2016; Yangliez et al., 2023).

Cognitive flexibility is typically assessed using task-switching paradigms, but these tasks
also recruit processes such as processing speed, inhibition, and interference control
(Sambol et al., 2023; Yu et al,, 2017). Further complicating comparability, studies often
operationalize cognitive flexibility using different performance metrics, which can limit
comparability across studies (Yangiiez et al., 2023).  Researchers should therefore use
standardized and transparently reported performance metrics and, where possible, comp-
lement task-switching paradigms with additional measures of cognitive flexibility rather
than relying on a single task or performance metric. Where data permit, model-based par-
ameters (e.g. drift-diffusion estimates) may enhance convergence across paradigms,
though transparent reporting of model fit and reliability remains essential (Yangiez
et al., 2023).

Working memory (WM) is commonly assessed with complex span tasks (e.g. counting
span, operation span), N-back tasks, digit-span, and Corsi Block tests. However, these
often engage additional processes such as inhibition, cognitive flexibility, attention, or
processing speed (Diamond, 2013; Lezak, 1982), reducing their specificity. The N-back’s
variable cognitive load can also confound results. WM assessment can be improved by
controlling load variability, combining complementary tasks (e.g. digit span with pure
visual-spatial WM measures), and using standardized computerized batteries, such as
the AWMA or CANTAB (Alloway et al., 2008; Luciana & Nelson, 2002). When complete
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standardized batteries are not available for a given target group, researchers should
include at least two complementary tasks per EF component to improve construct cover-
age and support latent-variable modeling, while considering participant burden.

In sum, employing standardized and validated test batteries, while acknowledging the
interdependence of EF components, will improve both accuracy and comparability in
sport and exercise related EF research. Beyond psychometric soundness, tasks should
be selected for ecological validity, aligning closely with the cognitive demands of com-
petitive sport. Importantly, transparent reporting of reliability indices, trial numbers,
exclusion criteria, and model diagnostics should become standard practice to ensure
reproducibility and applicability (Brimmell et al., 2022; Yangliez et al., 2023).

In practice, researchers should prioritize multi-task, standardized, and psychometrically
validated measures, alongside transparent reporting, to ensure EF assessments meaning-
fully reflect the constructs of interest.

Recommendation 3: Employ More Ecologically Valid Tasks

To improve the real-world relevance and transferability of EF assessments in sport and exer-
cise, researchers should prioritize ecologically valid tasks that reflect the cognitive demands
athletes face in their sporting environment. At the same time, care must be taken to maintain
sufficient construct validity by avoiding tasks that conflate multiple EFs.

A good task of EF for athletes should broadly facilitate two things. First, the task should
allow us to make inferences about a single specific EF (i.e. avoid impurity issues men-
tioned above). Second, the demands placed on the individual in the task should
require them to utilize the target EF in the same way their sport would (i.e. tasks
should be ecologically valid). Tasks of EF used with athletes often lack this ecological val-
idity due to the use of artificial constraints or laboratory settings which are void of sport-
specific context (Brimmell et al., 2022). For example, Brimmell et al. (2025) used a labora-
tory-based Stop Signal Task to measure inhibitory control in a sample of athletes.
Although the task was deemed a reliable measure of inhibitory control (a =.88 reported
in Brimmell et al., 2025), the task involved fine motor movements (i.e. a finger press on a
keyboard) in response to the presentation of contextless letter stimuli. The task, therefore,
was not particularly representative of sport or the movement patterns required within
most gross motor sports (i.e. low in ecological validity). This might help explain why
far-transfer after EF training is limited (Furley et al., 2023).

Increased ecological validity should not come at the detriment of precise EF measure-
ment. Therefore, we recommend that EF researchers focus on finding a middle ground
between the currently used EF tasks (e.g. Stop Signal Task; Verbruggen et al., 2019),
which are designed to target a specific EF but lack sport- and exercise-specific context
(i.e. lack ecological validity), and sport- and exercise-specific tasks that require represen-
tative movement patterns, stimuli processing, and environments (Brimmell et al., 2022). In
doing so, we may be more able to capture the dynamic and complex nature of sporting
environments, and as Green et al. (2019) suggest, enhance the efficacy and applicability of
EF assessments in sport and exercise psychology. Even though the middle ground may be
ideal- and our recommendation - in moments where isolation of an EF is key, measure-
ment precision is more important; and when performance is key, ecological validity has to
be a key factor. For a practical framework to support this, we can look at the debate
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between opposed and unopposed practice in sport and exercise coaching. Unopposed
practice is dominant and involves athletes practicing motor skill in isolation (Parry
et al., 2025). However, opposed practice (with roots in ecological dynamics; Roca &
Ford, 2020) suggests that context is key, and that action never occurs in a vacuum
(Parry et al., 2025). Here, we suggest that we stop looking to examine EFs in isolation
(i.e. unopposed practice) and instead design EF tasks that factor in more ecologically
valid opposed components.

Historically, domain-general EF tasks (i.e. tasks with no contextual information relevant
to a population or environment) have been used to assess deficits in cognitive control,
specifically pertaining to the prefrontal cortex, within clinical populations or individuals
with brain lesions (Friedman & Robbins, 2022). As a result, it is no surprise that such
tasks fail to capture the complexities of competitive sport performance, given that this
was not their intended purpose. This highlights an important issue when transferring
such tasks across domains, a typical approach in sport and exercise science and psychol-
ogy (Furley et al., 2023; Finkenzeller et al., 2023). To alleviate this issue and boost ecologi-
cal validity for sport and exercise, we recommend that individuals build new EF tasks that
begin in the sporting and exercise world. That is, look for naturally occurring scenarios
within matches or events where a particular EF might be important.

For example, in soccer, a teammate may present as a viable passing option until an
opponent steps into the passing line. In this moment, the ball-carrier needs to inhibit
the planned movement of a pass and instead select another option (e.g. hold the ball,
pass elsewhere, dribble forward). Such moments reflect quite naturally the core process
of a Stop Signal Task, where certain stimuli are associated with completing an action
(i.e. ‘go’ trials), while others require inhibition (i.e. ‘stop’ trials). To replicate this paradigm
in the soccer context, we could have a viable passing option presented virtually (either via
computer or a virtual reality headset) before having an opposing virtual player move to
‘mark’ the passing option, making them no longer viable. Here, individuals would have
to learn to withhold the passing response (to inhibit) to avoid giving away the ball.

In their recent meta-analytic review, Kalén et al. (2021) outlined a key conceptual split
between cognitive skills and cognitive functions in athletes (terms similar to domain-
general and sport- and exercise-specific used in the present work). Cognitive skills are
measured through tasks that capture key elements of the specific sport or exercise (e.g.
highly relevant stimuli or response types) to provide higher ecological validity (Araujo
et al., 2007). Alternatively, cognitive function tasks lack sport and exercise-specific
context but are more established and rigorous methods of measuring the target EF. As
such, we recommend that researchers select an EF task that is suitable for their current
needs. That is, perhaps domain-general tasks fit to their purpose (i.e. clinical, or post-con-
cussion, assessment), but their purpose does not extend to the unique environment of
sport and exercise. Here, Kalén et al. (2021) provide researchers and practitioners with
the appropriate language, and a clear justification, for two lanes of EF measurement
(i.e. a domain-general and sport- and exercise-specific split).

It is positive that such a review exists and allows us to comment on the use of sport and
exercise-specific EF tasks; however, there is still a dominance of domain-general EF tasks
being utilized. The impact of this is that sport and exercise researchers or practitioners are
placed into a situation of uncertainty due to a confusion about which type of EF training
task would best serve their purpose (i.e. cognitive skills or function tasks). Evidence from a
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recent meta-analytic review suggests that higher-skilled athletes outperform lesser-skilled
athletes on both measures of cognitive skill and function (Kalén et al., 2021). However, the
size of the effect was larger for sport and exercise-specific (i.e. cognitive skill) tasks com-
pared to domain-general (i.e. cognitive function) tasks. As such, these results support our
main recommendation for the practical implementation of EF training, which is to prior-
itise sport- and exercise-specificity where ecological validity is critical, while still consider-
ing domain-general tasks when precise measurement of isolated executive functions is
needed.

Consequently, future EF tasks in sport and exercise should integrate real-world con-
texts while preserving the ability to isolate target executive functions.

Recommendation 4: Incorporate Longitudinal Designs

To better understand how EF develop and change in response to sport and physical activity,
researchers should incorporate longitudinal designs that track athletes over time. Such
designs are essential for identifying developmental trajectories, critical periods for interven-
tion, and the long-term impact of training or competition on EF.

Longitudinal designs provide valuable insights into how EFs evolve with age (though age
is an important factor to consider in all EF work - see Recommendation 9), physical
activity, or targeted interventions. This is largely because the human brain is not ‘fixed’
(i.e. neuroplasticity is possible), with changes in neuronal count, synaptic connections,
and neuron myelination being just some of the structural changes that occur throughout
the lifespan (O'Hare & Sowell, 2008). Regular sport and exercise activity is a large contri-
butor to this plasticity and has been associated with the promotion of brain-derived neu-
rotrophic factor (i.e. a key factor in the creation of new neurons; Zhou et al., 2022).
Therefore, any maintained sport and exercise participation will promote neuronal
growth, alter brain structures, and thus can impact an individual’s EF. This tendency for
change makes applying the findings of any cross-sectional work beyond the short-term
very difficult and instead really emphasises the need for longitudinal work and under-
standing growth trajectories and inter-individual differences.

In addition, the trajectory of neuronal changes does not always adhere to the typical
inverted-U model (i.e. steady increases from birth to early adulthood, peaks and then
gradually declines into older age; O'Hare & Sowell, 2008) and participating in sport and
physical activity can play a role in positive neuronal changes at various stages of develop-
ment (Zhou et al., 2022). This presents a unique opportunity to not only follow EF devel-
opment from early years to adulthood, but also from adulthood to older adulthood.
Therefore, the next recommendation is to conduct longitudinal work across the lifespan
at the macro- (i.e. from infancy to late adulthood) and micro-level (i.e. within a single
period of development [e.g. infancy]).

The prefrontal cortex is a key neural area for EF and is considered to be one of the
regions most capable of adaptation and the last region to fully develop (Waxer &
Morton, 2011). Given its high adaptability, late development, and relevance to EF,
research outside of sport and exercise (e.g. Diamond, 2013; 2016) has suggested that tar-
geting the prefrontal cortex through EF training during early years is key. Indeed,
Diamond (2016) noted that children of young ages can differ in EF ability at a single
point in time and such differences can persist or increase in adulthood. However,
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whether this is a critical period for young people engaging in regular sport and exercise
remains unknown. While it seems logical to assume so, this relationship is complicated by
the naturally higher levels of physical activity during this stage of life. As of right now, we
do not know whether exercise can enhance initially low levels of EF and/or further
enhance naturally high EF in young individuals. Therefore, our recommendation to use
longitudinal designs should also allow us to understand if there are critical periods
within development where EF training and/or assessment might be most useful (e.g. evi-
denced by large increases in EF during a particular period). If we have this information, we
can devise more effective and targeted interventions and ensure resources are used at the
right moment.

The sporting industry (e.g. soccer academies) is always looking for optimal ways to spot
and/or nurture talent. The idea of EF assessment rose in popularity as a new and effective
way for talent identification. However, this avenue has, so far, been less fruitful than orig-
inally advertised or hypothesized (or at least, less empirically supported; Furley et al., 2023;
Harris et al., 2018). While initially damning, the mixed results regarding the impact of EF
assessment may be due to the current plethora of cross-sectional or short-term utilization
of EF measurement and/or training, and the limited amount of work on the long-term
effect of EF training upon sport performance (Harris et al., 2018). The lack of longitudinal
work likely stems from the difficulty of such work. That is, there are many costs (e.g. time,
effort, and money) that act as barriers to conducting this work. In addition, it is rare that
researchers in this area will have access to the same individuals for an extended period of
time and thus, cannot conduct longitudinal work. Therefore, our final recommendation
here is for academics to work with sporting clubs and organizations, for example
soccer academies, that have individuals stay with them for an extended period of time.
Doing so will allow us to conduct this kind of research that is vital for the success of under-
standing the EF-sport/exercise relationship.

Recommendation 5: Collaborate with Multidisciplinary Teams

There is a need for multidisciplinary collaboration, bringing together expertise from exercise
science, psychology, neuroscience, and sports medicine. Such partnerships enhance meth-
odological rigor, enable innovative designs, and ensure that EF interventions are both scien-
tifically robust and practically relevant.

Advancing EF research in sport and exercise science requires genuine collaboration across
disciplines. Bringing together experts from exercise science, psychology, neuroscience,
and sports medicine allows researchers to address the complexity of EF from multiple
angles (Green et al.,, 2019). For example, exercise scientists provide insights into training
protocols, psychologists contribute expertise on EF assessment and mechanisms, and
neuroscientists explore brain changes associated with exercise.

Multidisciplinary teams not only enhance the methodological rigour of studies but also
facilitate innovative research designs - such as combining behavioural tasks with EEG,
fMRI, or heart-rate variability measures - to capture the full scope of how physical activity
influences cognitive function (Stillman et al.,, 2016). These collaborations also improve
translational impact by ensuring that interventions are both scientifically grounded and
practically relevant to target populations (e.g. youth athletes, older adults, or clinical
groups).
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In sum, tackling the multifaceted challenges in EF research demands interdisciplinary
thinking. This approach can produce more robust, ecologically valid findings and ensure
that interventions in sport and exercise are both effective and evidence-based.

Recommendation 6: Control for Confounding Variables like Fitness Levels
and Physical Fatigue

To enhance the reliability and interpretability of EF research in sport and exercise, researchers
should systematically identify and control key confounding variables. These may include
physiological factors that are particularly salient in sport and exercise contexts (e.g. fitness
levels and physical fatigue), as well as broader individual and contextual influences such as
age, pubertal status, baseline information-processing speed, socioeconomic context, and
family sport involvement. If unaccounted for, such factors can introduce unwanted variability
and lead to misleading inferences about EF mechanisms or intervention effects.

Fitness and physical fatigue represent especially important confounds in sport and exer-
cise research because both directly influence EF performance and can vary substantially
within and between participant groups. Physical fatigue and fitness modulate core EF
components such as attention, cognitive flexibility, and inhibitory control (Best & Miller,
2010; Yangliez et al., 2023). For instance, tasks assessing cognitive flexibility may yield
markedly different results depending on whether participants are tested in a rested
state or following physical exertion (Lambourne & Tomporowski, 2010). Similarly, differ-
ences in baseline fitness can shape cognitive responses to training or acute exercise,
thereby confounding comparisons across individuals or groups.

Supporting this, Huijgen et al. (2015) demonstrated that elite youth soccer players,
who engaged in significantly higher physical training hours, also scored higher on com-
posite EF tasks — including inhibition, shifting, and updating - compared to sub-elite
peers. Notably, when physical training hours were statistically controlled as a covariate,
the differences in EF between groups were reduced, though still significant, indicating
that training volume partly drives EF disparities. This finding underscores the importance
of including physical activity or training hours as covariates in EF research to avoid attri-
buting cognitive differences solely to other variables.

To address these challenges, researchers should employ systematic assessments of
fitness or physical activity using standardized measures, such as maximal oxygen uptake
(VO, max), lactate threshold, or validated field protocols (e.g. the Yo-Yo intermittent recov-
ery test; Bangsbo et al.,, 2008), or self-reported physical activity questionnaires (e.g. Brimmell
et al,, 2021). These objective benchmarks facilitate participant stratification or matching in
experimental designs, helping isolate the effects of cognitive manipulations from those
related to fitness variability. Controlling exertion during EF testing is equally crucial, with
standardized protocols (e.g. Wingate test) and objective monitoring tools (heart rate moni-
tors, power metres), alongside subjective scales like the Borg Rating of Perceived Exertion
(Borg, 1982), enabling precise control of fatigue levels and reducing outcome variability.
Ad(ditionally, environmental temperature can modulate the effects of exercise on cognitive
performance, with moderate to vigorous exercise particularly sensitive to cold or heat, and
executive function tasks appearing most affected (Donnan et al., 2021).

Rest and recovery periods should also be standardized based on prior physical activity
intensity and duration to minimize residual fatigue effects on EF assessments (Brisswalter
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et al, 2002). Additionally, external factors such as circadian rhythms, sleep quality,
hydration, and environmental conditions (temperature, altitude) can influence fatigue
and cognition and should be controlled by scheduling consistent testing times and moni-
toring participant sleep and hydration where possible.

While controlling for fitness, fatigue, and related physiological and environmental
factors is essential for improving the reliability of EF research in sport and exercise,
such controls must be applied judiciously. The choice and extent of control should be
guided by the study’s aims and design - whether isolating cognitive processes under
tightly standardized conditions or capturing ecologically valid performance in real-
world scenarios. Importantly, fitness and fatigue are not exhaustive sources of confound-
ing in EF research; researchers should pre-specify and justify covariates based on theory,
participant characteristics (e.g. developmental stage), and contextual influences. Tailoring
these controls to the research question allows investigators to balance internal validity
with practical relevance, ensuring findings that are scientifically robust and contextually
meaningful.

Recommendation 7: Distinguish Between Different Types of Exercise

To enhance the specificity and effectiveness of EF interventions, researchers should system-
atically investigate how different exercise modalities — such as aerobic, resistance, and com-
bined training - affect distinct EF domains. Understanding these differential effects is key to
developing targeted and evidence-based cognitive enhancement strategies through physical
activity.

Different exercise types engage unique physiological pathways that may selectively
influence EF components. Aerobic exercise has been linked to improvements in cognitive
flexibility and working memory, likely through mechanisms such as increased cerebral
blood flow, neurogenesis, and the upregulation of brain-derived neurotrophic factor
(Liu et al., 2020). Resistance training, by contrast, appears to enhance inhibitory control
and cognitive flexibility, potentially via hormonal responses and structural brain
changes, including increased grey matter volume and improved white matter integrity
(Herold et al., 2019; Wilke et al., 2019). Emerging evidence suggests that combining
aerobic and resistance training may yield additive or synergistic benefits by leveraging
the distinct strengths of each modality (Zhang et al.,, 2024).

In addition to these broad categories, the cognitive demands inherent in specific sports
and exercise contexts should be considered. Team sports, such as football or basketball,
require rapid decision-making and cognitive flexibility in dynamic, unpredictable environ-
ments (Vestberg et al.,, 2017), whereas individual sports, like golf or archery, demand sus-
tained attention and inhibitory control for optimal performance (Voss et al, 2010).
Studying how these distinct activity contexts influence EF components can help design
interventions that align with the cognitive requirements of particular sports, enhancing
both performance and training relevance.

Methodologically, isolating modality-specific effects requires careful experimental
control. Researchers should compare standardized aerobic, resistance, and combined pro-
tocols while systematically manipulating variables such as intensity, duration, and fre-
quency. For example, high-intensity interval training (HIIT) may produce acute
neurochemical changes - including elevated dopamine and norepinephrine - that
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enhance attention and processing speed (McMorris et al., 2016), whereas moderate-inten-
sity continuous exercise may promote longer-term adaptations beneficial for working
memory and cognitive flexibility (Stillman et al., 2016). Participant characteristics, such
as age, baseline fitness, and initial cognitive status, should be accounted for, as these
can moderate the relationship between exercise type and cognitive outcomes (see Rec-
ommendation 8). Tailoring protocols to these factors can further enhance the precision
and efficacy of EF interventions.

Differentiating between exercise modalities is not merely descriptive but a strategic
methodological decision that should align with the research question, target population,
and intended application. By integrating physiological mechanisms, sport-specific cogni-
tive demands, and rigorously controlled protocol variables, future research can produce
findings that are both mechanistically informative and practically actionable. Such work
will advance evidence-based training programmes capable of optimizing both cognitive
and physical performance, with implications for athletes, older adults, and anyone
seeking to improve cognitive health through physical activity. This approach also under-
scores the value of interdisciplinary collaboration between exercise science, neuroscience,
and psychology (see Recommendation 5) to fully understand and leverage the relation-
ship between physical activity and EF.

Recommendation 8: Consider Psychological Moderators and Mediators

Future research should systematically explore how psychological factors such as motivation,
anxiety, and self-efficacy, moderate or mediate the relationship between exercise and EFs.
Understanding these individual differences is critical for tailoring interventions and maximiz-
ing cognitive benefits across diverse populations.

Psychological factors such as motivation, anxiety, and self-efficacy significantly influence
how exercise affects EFs (Bailey et al., 2018), often acting as moderators or mediators in
the relationship between physical activity and cognitive performance. The well-documen-
ted associations between EFs and important life outcomes (Katz et al., 2018) have driven
interest in cognitive training to enhance performance across domains (Rohde & Thomp-
son, 2007; Stieff & Uttal, 2015; Wright et al., 2008).

Findings from neuroscience suggest EFs are malleable, particularly during childhood
and adolescence (Casey et al., 2005), which has led to the commercial rise of cognitive
training programmes claiming to ‘train your child’s brain’ or ‘boost working memory’
(Serpell & Esposito, 2016). However, the effectiveness of such programmes remains
highly debated (Boot et al.,, 2013; Melby-Lervag & Hulme, 2013; Shipstead et al., 2012;
Simons et al, 2016). Psychological factors may partly explain why some individuals
benefit more than others, raising the question of whether these interventions benefit
all individuals equally or only specific groups.

One recurring claim in the literature is that individuals with lower EF, such as chil-
dren with learning disabilities (Franceschini et al., 2013; Klingberg et al., 2005),
people with schizophrenia (Biagianti & Vinogradov, 2013), traumatic brain injury
(Hallock et al., 2016), or older adults (Anguera et al., 2013; Whitlock et al., 2012), may
benefit most from training. Yet, findings are inconsistent. Some studies support
greater gains among low-performing individuals (Jaeggi et al., 2008; Zinke et al.,
2014), while others report greater benefits for those with higher baseline EFs (Birki
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et al.,, 2014; Foster et al., 2017; Guye et al., 2017), or no relationship at all (Simons et al.,
2016).

These mixed outcomes highlight the role of individual differences such as age, person-
ality, or baseline EF levels in moderating training effects (Chein & Morrison, 2010; Shah et al.,
2012; Zinke et al.,, 2011; Studer-Luethi et al., 2012). Unfortunately, our understanding of
which interventions work best for which populations remains limited. It is unlikely that a
single training protocol will generalize across groups. For instance, cognitive exercises
for individuals with schizophrenia may differ substantially from those designed for
healthy adults or children with attentional deficit hyperactivity disorder (Green et al., 2019).

EF training goals also vary: restoring lost function (e.g. in aging adults), improving aty-
pical function (e.g. in developmental disorders), or enhancing typical function (e.g. in
healthy young adults). While grouped under one umbrella, these interventions can
differ markedly in design and expected outcomes. Moreover, factors such as belief in
the intervention, effort, and persistence may influence results (Anguera et al, 2012;
Jaeggi et al,, 2011; Moreau, 2022). However, such claims have also been criticized for
placing blame on participants when benefits are not observed (Moreau, 2022).

Finally, contextual moderators like stress (Liston et al., 2009), sleep deprivation (Nilsson
et al,, 2005), and physical fitness (Best & Miller, 2010) may also affect outcomes. Studying
such effects requires large sample sizes, yet underpowered studies remain a challenge in
EF research (Westfall & Yarkoni, 2016).

Recommendation 9: Examine the Role of Age and Developmental Stages

To design effective and developmentally appropriate EF interventions, researchers should
systematically account for age and developmental stage when assessing or training EFs. EF
development is gradual and influenced by neurobiological, environmental, and experiential
factors, making age a crucial variable in both research and applied settings.

EFs differin structure across different age groups as they are assumed to develop gradually
from infancy to early adulthood. The development of these functions is deeply rooted in brain
maturation, particularly in the prefrontal cortex, and is shaped by genetic, environmental, and
experiential factors (e.g. Diamond, 2013). Key publications (Anderson, 2002; Best & Miller,
2010; Zelazo & Carlson, 2012) on the development and maturation of EFs can be summarized
as assuming the following different stages in development - albeit it is important to note that
these developmental stages are oversimplified and individual differences need to be recog-
nized. Nevertheless, we consider these developmental stages to have important heuristic
value for conducting research and applied practice in the area of EF.

Infancy

Starting from 0-2 years, the emergence of attention and early self-control becomes
apparent. Coinciding with prefrontal cortex maturation, early forms of self-regulation
and delayed gratification like waiting for several seconds, can be observed in babies
and young toddlers. More specifically, simple attention control (observing and focusing
on objects), early inhibition (not reaching for forbidden objects), and short-term
memory (finding a toy they had just been playing with) become evident in an infant’s
behaviour (Best & Miller, 2010).
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Toddlerhood

In the range from 2-3 years, inhibition, (working) memory, and basic rule-following improve.
Typically, kids begin to follow rules better, they become able to shift attention between tasks,
and suppress behavioural impulses in simple tasks (e.g. ‘Simon Says' game). These changes
are assumed to develop hand-in-hand with the onset of language development, which
plays an important role in developing strategies for self-control (Best & Miller, 2010).

Pre-school

From 3 to 5, typically rapid gains in core EFs occur and cognitive flexibility begins to
emerge. Often this phase is assumed (Best & Miller, 2010; Zelazo & Carlson, 2012) to be
the major developmental period of EFs. Behavioural observations, like waiting turns on
the playground, resisting immediate temptations, following multi-step instruction, or
differential weighting of rules signal strong improvements in inhibition, working
memory and beginning cognitive flexibility.

Early school age

In the range from 6-9 years, children show more planning and goal-directed behaviour,
and kids are able to use EF in school tasks like math, reading comprehension, and general
problem solving. Diamond (2013) assumes these behavioural observations to coincide
with neuroscientific evidence demonstrating increased connectivity in prefrontal circuits.

Late childhood to beginning adolescence

From about 10-14 years, more abstract reasoning, monitoring and reflecting on one'’s
own behaviour and emotions, and strategic thinking (i.e. meta-cognition) become appar-
ent in a child’s behaviour. These abilities enable them — amongst other things - to take
different perspectives, manage conflicting rules, and take long-term consequences of
their momentary behaviour into consideration. In this phase, some studies have also
suggested that in particular, cognitive flexibility and strategic thinking show the largest
improvements (Diamond, 2013; for a review).

Late adolescence to early adulthood

In this longest (approximately 15-25 year) and probably most significant EF developmen-
tal period, peak EF functioning is assumed to occur as a consequence of full prefrontal
cortex maturation. Numerous scholars argue that full EF maturation occurs as late as 25
years (Anderson, 2002; Diamond, 2013) and serve their full potential in complex, long-
term goal pursuit, self-reflection, emotion regulation, risk assessment, and adaptive
behaviour in dynamic environments.

Consequences of the prolonged development of EFs for sport and exercise
research

These developmental differences imply that interventions should be tailored to the devel-
opmental phase of the individuals involved. For example, younger athletes may benefit
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from holistic core EF training that targets integrated EF improvements, whereas adults
may require more specialized approaches that enable the flexible use of EF strategic or
creative decision making. Additionally, understanding the age-related changes in the
structure and function of EFs is critical for interpreting research findings and designing
effective EF interventions in sports and exercise. EF development has been argued to con-
tinue into early adulthood, and the effects of physical exercise on EF might vary depend-
ing on the individual's developmental stage. More specifically, age-related differences in
EF are likely to influence how well athletes learn and retain motor skills, especially in cog-
nitively demanding sports (e.g. soccer, basketball) or are able to follow-rules in these
games. Hence, tailoring sport-practice, play interventions (Furley, 2021), and exercise
plans to the described developmental stages will also likely be a fruitful endeavour to
enhance skill acquisition and learning in sports.

Building on this, future research should further explore how specific types of EF train-
ing interact with developmental phases across childhood, adolescence, and early adult-
hood. Longitudinal studies that track EF changes across these stages in athletic
populations are particularly needed to identify optimal time windows for targeted inter-
ventions. Moreover, research should investigate how the timing, content, and intensity of
physical activity or sport-specific training can be adjusted to match the neurocognitive
needs of each developmental stage. Understanding these dynamics can support the cre-
ation of age-sensitive coaching practices and training programmes that maximize both
cognitive and athletic development.

Recommendation 10: Enhance Participant Diversity

Addressing demographic diversity in EF research is essential to improve the generalizability
of findings and uncover population-specific effects. Therefore, research should integrate
balanced and representative samples overall, capturing a wide range of demographic
factors, and explore the interplay of cultural, socioeconomic, educational, sex and gender
factors in shaping EFs.

Most EF research has been conducted with limited demographic diversity, focusing on
homogeneous groups. This lack of diversity limits the generalizability of the findings
and hampers the identification of population-specific effects (Furley et al., 2023).

Socioeconomic status (SES) influences cognitive development and performance and
thus also EFs (Hackman et al., 2015). Low SES is associated with challenges that negatively
impact EF development, as children with lower SES utilize EF processes less effectively
than their higher-SES peers (Noble et al., 2005). These disparities extend from childhood
into adulthood, with some effects being irreversible (Hackman et al., 2010). Family income
is a key predictor of cognitive performance, with prolonged economic hardship, particu-
larly in rural areas, having detrimental effects (Korenmann et al., 1995; McLoyd, 1998).
Children from lower SES backgrounds often exhibit working memory deficits, which
impair overall EF development (Noble et al., 2005). Chronic poverty also increases allo-
static load, negatively affecting the prefrontal cortex and disrupting cognitive functions
(Lupien et al., 2007, 2015).

Educational experiences also play a crucial role in shaping EFs. While improvements in
EFs are observed through specific training programmes, the transfer of these gains to
broader contexts remains limited (Diamond & Lee, 2011). EFs correlate with academic
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performance and are more pronounced at higher education levels (Purpura et al., 2017).
Cultural differences impact EFs, with Western cultures favouring analytical and categorical
thinking, while Eastern cultures adopt a holistic and covariation-based approach. These
differences stem from distinct social systems and problem-solving environments
(Vygotsky, 1978). To enhance our understanding of these variations, future research
should examine how cultural frameworks influence the development of EFs across
diverse populations. Moreover, adopting hybrid approaches that integrate the strengths
of both cultural paradigms could promote EF development globally.

Research on gender and sex differences in EFs shows limited evidence for significant
sex-based discrepancies, with individual developmental trajectories playing a more sub-
stantial role in shaping EF outcomes (Grissom & Reyes, 2019). However, the sex data gap
in research has hindered a comprehensive understanding of how sex differences may
influence EF, especially in relation to athletic performance (Cowley et al., 2021). Future
research should prioritize the inclusion of balanced and representative samples overall,
considering biological sex to assess potential sex differences in EFs, particularly in relation
to athletic performance, and gender as a broader social factor to capture diversity across
populations. Importantly, these findings highlight that future research should also sys-
tematically investigate underlying neural mechanisms, as males and females may
engage different brain networks or cognitive strategies during EF tasks — understanding
these differences is crucial for developing more precise and individualized approaches in
both research and applied sports settings (Gaillard et al., 2021).

Addressing demographic diversity in EF research is essential to improve the generaliz-
ability of findings and uncover population-specific effects. Future studies should integrate
diverse participant samples, investigate interventions tailored to specific demographic
groups, and explore the interplay of cultural, socioeconomic, educational, and gender
factors in shaping EFs.

Conclusion

The study of EFs in sport and exercise is a dynamic and multifaceted field that requires
careful and methodical investigation. The ten recommendations outlined in this paper
aim to provide a framework for enhancing the quality and precision of research in this
area (see Figure 1 for a concise summary of all recommendations). These recommen-
dations move from methodological foundations to contextual factors and population-
level considerations, thereby providing both immediate guidance for improving current
research and priorities for shaping the future of the field. However, it is important to
note that this list is not exhaustive and does not represent a gold-standard approach
to follow. Instead, we hope that these recommendations will serve as a guide for EF
researchers in sport and exercise helping them to formulate more focused research ques-
tions, design better-controlled experiments, and generate more robust research findings.
It is also hoped that these recommendations support practitioners assessing EF within
sporting organisations. To do this, practitioners adhere to a set of minimum standards
for EF assessment (e.g. construct-task alignment, basic reliability, and avoid over-inter-
preting single-task outcomes) and avoid assessing or training EF when the task lacks val-
idity or the results are likely to be misinterpreted.
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Figure 1. Overview of the ten recommendations for improving executive function research in sport
and exercise.

By establishing clear, unified definitions of EFs, employing standardized measurement
tools, and using ecologically valid tasks, researchers can ensure greater consistency and
real-world relevance in their studies. In addition, incorporating longitudinal designs
and fostering multidisciplinary collaboration will strengthen study design and accelerate
cumulative progress. Moreover, controlling for variables such as fitness levels and physical
fatigue, and distinguishing between different exercise modalities, will deepen our under-
standing of the long-term effects of exercise on cognitive performance and better inform
causal inferences.

Attention to factors such as age, developmental stages, consideration of psychological
moderators and mediators, and enhancement of participant diversity will allow for more
tailored and insightful interventions. Promoting interdisciplinary collaboration and adopt-
ing these combined methodological and strategic priorities will further strengthen
research by ensuring inclusivity and a more holistic approach. These recommendations
are intended to encourage thoughtful and comprehensive research practices that will ulti-
mately contribute to the development of evidence-based, personalized interventions
aimed at optimizing cognitive and physical performance across diverse populations.
While these recommendations are not definitive, we believe they will guide researchers
toward generating more meaningful and reliable insights into the relationship between
sport, exercise, physical activity and EFs. Future progress will also depend on transparent
reporting, replication across diverse contexts, and stronger links between laboratory
methods and applied sport settings, ensuring that EF research can meaningfully inform
both theory and practice.
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Note

1. Drift-diffusion parameters are model-based indices derived from reaction time and accuracy
data, reflecting the speed and quality of information accumulation in decision-making tasks,
and often show higher reliability than raw difference scores.
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