e Avadntioeig ot Poowr) Ayoyn & tov ABAnTiopd
Topog 19 (1),17 - 29 EA A
= Anpootevtnke: Mdaptiog 2021 -

Inquiries in Sport & Physical Education
Volume 19 (1), 17 - 29
Released: March 2021 ISSN 1790-3041

www.pe.uth.gr/emag

The Relationship Between Motor Skills and Executive Functions in Children 1-15 Years Old With and With-
out Special Educational Needs and/or Disabilities

Aimilia Rouvali & Vassiliki Riga

Department of Educational Sciences and Early Childhood Education, University of Patras

Abstract

From Piaget’s cognitive developmental theory to the embodied cognition perspective, there is a consensus
among researchers that motor development and skills are intertwined with cognitive development. During the
past decade, there has been an increasing interest among the academic world to further examine this relation-
ship and determine the extent to which it is significant. The aim of this paper is to combine and present all the
latest data from studies investigating the relationship between gross motor skills and executive functions (EFs)
in children 1-15 years old. The results illustrated in the latest available research data indicate that the correlation
between these two concepts can vary from weak to strong, depending on the sample (age, abilities, and skills),
and the tool for measuring EFs. However, a stronger and more consistent correlation is illustrated between EFs
and more complex motor skills. The authors of the article suggest a further investigation of the relationship be-
tween EFs and motor skills of the under-researched cohort of children three-to-five years old, as well as the de-
velopment of appropriate assessment methods for EFs in preschool-aged children in Greece. Thus, in the future
it will be more feasible to develop and assess the effectiveness of intervention programmes that will be oriented
towards - but not limited to - utilising motor activities as a way of enhancing both the motor development and
executive functioning of children.
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Hepidyn

Ao v enoyn) Tov Piaget xat g Bempiag yia ) yveoTikr) avamntodn €og TV OITIKI) ThG EVO®EATHS VONong,
elvat Kowmg arodektd PeTald TOV EPEDVITAOV MG 1] KIVITIKI KAl I YVOOTIKI] avdartodn elvat oteva oovoedepe-
veg. Ta televtaia eikoot xpovia IAPOLOIACETAL VA OLVEXMS ADSAVOPEVO EVOLAPEPOV ATIO TNV EPEVVITIKI] KOWVO-
TTA yud 1) HEAETN) TG OXE0TG aDTH)G KAl TOV IPOoOloplopo g onpavukotntdg . To mapov dpbpo éxel wg
OTOXO VA HAPOLOLAoEL TA TeAevtaia dedopeva TV epevVAOV oL e6eTdfovV T OXE0T PeTAlDy TG adprig KV TIKO-
TAG KAl TOV EMTENK®OV AettovpyloVv o matdd nAkiag 1-15 etov. Ta anoteAéopata TG EM0KOI0NG TOV EPEL-
VOV 0IIoSNA®VOLV HKG 1] CLOYETLON PETASH T®V SDO AVTMOV EVVOLOV OLVATAL VA KOUAIVETAL AIIO OTATIOTIKA dOT)-
pav @G ONUAVTIKI), avaloy®g Tov delypatog (nAkia, wavotnteg Kat deSlotnteg), Kat g pebodov adioloyn-
ong TV emteMKoV Aettovpylov. [lapatnpeitatl, Opwmg, otabepd OTATIOTIKA CIAVTIKE] CUOXETION PETASD T®V et
TEAIK®V AELTOVPYIDOV KAl TOV IO HOADIAOK®V KIvITIK®V Oelotitav. Ot ovyypagpeig tov apbpov mpotetvoov v
EPAtteP® OlePedVNOT TG OLOXETIONG TV EMITEAKOV AELTOVPYIROV Kl TNg adprg KIVNTIKOTTAG o matdwd 3-5
etwv, kabwg xat mv avdartodn KataMnAev pefodmv aSloAoynong 1oV emtTeMK®OV AEITOLPYIOV O HALdld oD
@ottovyv oto vimaywoyeio oty ENada. Me avto tov tpono kabiotarat dvovatr 1) avamtodn Kat aSloAoynorn) Ki-
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TOV EMTEAKOV AETOVPYIOV Ot Hatdid.
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Introduction

Motor proficiency, cognitive skills, and executive functions (EFs) constitute fundamental factors in children’s
development, mental and physical health, as well as school readiness and achievement (Diamond, 2013). They
facilitate information processing, as well as the initiation and organisation of thoughts and goal-directed behav-
iour (Carlson et al., 2016). An increasing number of scholars captures a close relationship between motor skills
and cognitive mechanisms (e.g., executive functions), not only in adults (Niemann et al., 2014; Ratey & Loehr,
2011; Wang & Guo, 2020), but also in adolescents (Marchetti et al., 2015; Rigoli et al., 2012) and children (de Sou-
sa et al., 2019; Niederer et al., 2011; Riga, 1995; van der Fels et al., 2015). This relationship is especially apparent
in, and significant for, young children. According to Kubicek, Javanic, and Schwarzer (2017), infants that start
crawling at around the age of 9 months, perform better at tasks related to visual prediction in comparison to in-
fants of the same age that start crawling at a later stage. On the same note, in a study involving 18-month-old
infants, Gottwald and colleagues (2016) claimed the existence of a positive correlation not only between the
young participants’” motor control and inhibition (moving without touching an object), but also between motor
control and working memory. At preschool age, EFs have also been found to be associated with motor skills
(Cameron et al., 2012). Cameron and her colleagues (2012) concluded that there was a significant positive corre-
lation between motor skills and how well three- to four-year-old children performed in tasks measuring cogni-
tive inhibition.

The idea that the development of both motor and cognitive skills may be fundamentally intertwined is not
novel. On the contrary, it partially stems from the embodied cognition perspective, according to which
knowledge and representational ability emerge from the individual’s bodily interaction with the physical and
social environment (Houwen et al., 2017; Oudgenoeg-Paz et al.,, 2012; Smith & Gasser, 2005). Following the
aforementioned example, 9-month-old infants that crawl have more opportunities to gain knowledge about their
surroundings. This enables changes in various visual perception systems, leading to enhanced and differentiated
social and mental cognition, which in return influences the way these infants examine and manipulate their en-
vironment (Dourou et al., 2017; Houwen et al., 2017; von Hofsten, 2007). The existence of a relationship between
motor and cognitive development has also been introduced by Piaget’s cognitive developmental theory (1952)
and Gibson’s theory of ecological psychology (1979).

Yet, motor and cognitive development tends to be studied separately and have been treated as independent
phenomena that take place simultaneously (Diamond, 2000). However, should we aim to ensure the optimal
development of children, we need to not only be aware of the developmental course and the factors influencing
it, but also the way these factors are interrelated. This way, potential risks and protective factors can be identi-
fied early on, followed by the appropriate prevention and intervention programmes accordingly. The current
article aims to combine and present the latest knowledge around the association of motor skills and EFs in both
typically developing children and children with diagnosed special educational needs and/or disabilities
(SEND).

Relevant theories and constructs

Executive functions

Despite the existing disagreement among researchers regarding the specific definition and terminology of
EFs, there is a general consensus that executive functioning is not a unitary process; rather, it is an umbrella
term, commonly used to describe a set of higher-order collective cognitive processes that are responsible for
purposeful, goal-directed, adaptive, and flexible behaviour in a demanding environment (novel or complex
situations) (Carlson et al., 2016; Diamond, 2013). In contrast to other aspects of cognition that are solidified, EFs
are “fluid cognitive processes that individuals draw upon in circumstances when automaticity is not possible” (Willough-
by et al.,, 2018, p. 1). Executive functions include three distinguishable, yet related cognitive sub functions: inhibi-
tory control, shifting or cognitive flexibility, and updating, which are developed between early childhood and
adolescence (Miyake & Friedman, 2012).

The inhibitory control refers to the ability to overpower predominant responses and conflicting stimuli. The
process of inhibition control consists of two distinct factors: the response inhibition (repressing planned actions
that are no longer required based on the existing context) and the interference control (cognitively overpowering
conflicting stimuli) (Nigg, 2000; van der Fels et al., 2019; Verbruggen & Logan, 2008). Shifting, or cognitive flexi-
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bility, describes the ability to shift between multiple tasks, rules, or mental sets to generate appropriate behav-
ioural responses. Finally, updating concerns the ability to sustain, monitor, and rapidly manipulate contents in
working memory, whereby specialised systems process verbal and visual information (Diamond, 2013; Miyake
& Friedman, 2012).

Recent studies focused on the functions of the dorsolateral prefrontal cortex, the medial frontal, and orbito-
frontal areas (the brain areas where EFs are controlled) have proposed a new distinction of EFs based on how
the different processes manifest in a variety of contexts; the “cool” cognitive parts of EFs and the “hot” emotional
parts (Nejati et al., 2018; Wu et al., 2017; Zelazo & Carlson, 2012). The former refers to top-down control process-
es, such as working memory, inhibitory control, and shifting or cognitive flexibility that occur in a nonemotional
and analytical environment. The latter, on the other hand, consists of top-down processes elicited in contexts
involving motivation and tasks having emotional components (Nigg, 2017; Peterson & Welsh, 2014).

The vast majority of researchers have reached a consensus that executive functions constitute fundamental
cognitive skills that are ubiquitous in the lives of young children, potentially indicating a range of outcomes in
the school and social environment, and enabling young children to face new and complex situations (McClel-
land et al., 2013; McClelland & Cameron, 2019; Moffitt et al., 2011). For example, when children play a game,
they need to focus their attention, remember the rules and steps, switch their attention to the teach-
er/caregiver/peer if needed, and exhibit inhibitory control in order to stop the game if requested to do so.

Executive functions not only participate in demanding cognitive tasks like the aforementioned, but also in
mastering motor tasks (Diamond, 2000). These links are further supported by longitudinal studies indicating a
positive correlation between motors and attentional skills during the performance of tasks measuring working
memory (Ludyga et al., 2019). From a behavioural point of view, the link between gross motor skills and execu-
tive functions may be explained by the fact that the latter are present in complex motor tasks (Livesey et al.,
2006). Sports, which include the execution of complex motor skills, require attention, cognitive inhibition, and
memory of complex sequences, which stimulates executive functioning and leads to further development of EFs
(Diamond, 2015; Koutsandréou et al., 2016). For instance, in order to successfully participate in any group game
(football, basketball, volleyball, etc.), children need to be able not only to maintain goal-directed behaviour, but
also to control their actions and inhibit irrelevant or inappropriate ones, and to continuously adapt to the condi-
tions around them. The more specific aspects and the nature of these relations between gross motor skills and
executive functions may imply that the latter exhibit various levels of involvement in different complex gross
motor skills for different EFs (van der Fels et al., 2019).

Over the last few years, several researchers have examined how various complex motor interventions may
impact different aspects of the executive functioning, such as working memory (Alesi et al., 2016; Koutsandréou
et al.,, 2016; Pesce et al., 2016). Koutsandréou and colleagues (2016) claimed that after a 10-week motor interven-
tion the participating nine- to ten-year-old children showed significant improvement in their working memory.
Similar positive effects were observed by Alesi and colleagues (2016) following a football intervention. Finally,
during the same year, the results from a physical activity intervention developed and evaluated by Pesce and
colleagues (2016) came to contradict the previous studies, claiming that physical activity over a six-month period
had positive effects on motor skills and cognitive inhibition, but there was no effect on working memory.

In conclusion, it is evident that the development of motor skills is closely correlated with the development of
EFs. However, as stated by van der Fels and colleagues (2019) in their review, the lack of relevant studies holds
back any conclusions from being drawn regarding which specific executive functions and gross motor skills are
correlated.

Motor skills

Even though motor skills constitute a common and well-known concept, at this point we would like to illus-
trate the definition of motor skills that was utilised in the context of the present paper. More specifically, motor
or movement skills are a broad term that describes all the “goal-directed movement patterns” (Burton & Miller,
1998, p. 43). Even though motor skills are not usually approached in the context of cognition, motor skills are
actually closely linked to cognition, as carrying out physical movements requires, among others, planning, de-
liberation, timing, and sequencing (Adolph, 2005; McClelland & Cameron, 2019). According to Burton and Mil-
ler (1998), motor skills and motor abilities are two distinct parts. Motor abilities outline an individual’s general
characteristics or capacities that support the performance of skills, and they are less prone to change from train-
ing. Motor skills are typically divided into two categories: gross and fine motor skills. In the context of this pa-
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per, the focus is shifted mainly to the link between the gross motor skills and EFs, as gross motor skills comprise
the ground upon which the fine motor skills are developed, and the existing research on the relationship be-
tween fine motor skills and EFs is limited and includes the element of academic achievement (Oberer et al.,
2017).

It is universally acknowledged that gross motor skills illustrate the involvement of large body muscles in bal-
ance, limb, and trunk movements (Bishop, 2014). They constitute the fundamental skills that young children ac-
quire and develop, which enable them to develop more complex and fine movements and skills (McClelland &
Cameron, 2019). Gross motor skills are significant, not only for the physical, but the overall healthy development
of children as well. Initially, as a means of social development and participation, especially in early childhood
(e.g., playing games with peers) (Bar-Haim & Bart, 2006). Furthermore, gross motor skills are also linked to a
number of other domains such as perception, language, cognition, and executive functioning (Barnett et al.,
2009; van der Fels et al., 2019). The significant connection between motor and cognitive skills is apparent in chil-
dren with motor skill impairments, as will be further discussed below (Piek et al., 2004; Rigoli et al., 2012).

Review of latest relevant literature

Researchers have been investigating the links between motor and cognitive functions for decades. Recent sci-
entific findings of both behavioural and neuroimaging studies have come to further support Piaget’s innovative
proposal (Ridler et al., 2006; Rigoli et al., 2012). More recently, researchers have been shifting their attention to
the embodied cognition approach, which positions cognitive functioning within a sensorimotor context
(Houwen et al.,, 2017; Oudgenoeg-Paz et al., 2012). For Koziol, Budding, and Chidekel (2012), both the cerebel-
lum and the sensorimotor interaction with the environment are equally significant for the regulation of one’s
behaviour.

Recent data from brain research support the theorised association between the two domains (Diamond,
2000). From a neuropsychological point of view, data indicate that regions important to motor performance and
executive functioning overlap (Diamond, 2000; Leisman et al., 2016). Neural networks such as the cerebellum,
prefrontal cortex, the basal ganglia, and other connecting structures are not only underlying executive functions,
but also heavily participate in gross motor tasks, and are co-activated during motor and cognitive tasks (Leis-
man et al., 2016). These relations are supported by longitudinal studies as well (Ludyga et al., 2019). In addition
to that, according to Howard, Okely, and Ellis (2015), both motor and cognitive development undergoes a matu-
ration and integration period during preschool years. Another possible explanation for the interrelations be-
tween motor and cognitive skills is that they share higher order cognitive processes such as planning, goal-
orientation, and strategy use (Oberer et al., 2017). Based on research findings, it is not surprising that children
with diagnosed neurodevelopmental disorders tend to face significant difficulties with their motor and cognitive
development (Riga et al., 2020; Diamond, 2000). Over the past years, the assumptions regarding the association
between motor skills and EFs have been empirically investigated in all age groups.

Evidence from typically developing children

A growing number of academics have focused their research interest on infancy. Research on EF (working
memory) proposed that infants that acquire the ability to walk earlier, tend to perform better in working
memory tasks later in their lives (Poranen-Clark et al., 2015). A recent study on early motor skills has illustrated
that gross motor ability at two years of age can predict inhibition control at three years, while early motor abili-
ties (one and two years of age) can predict not only working memory but also inhibition control at two years of
age (Wu et al., 2017). In a similar tone, a number of other studies verify the assumption that motor proficiency is
not just related to the development of cognitive skills but may also act as a “control parameter” for future
development (Piek et al., 2008; Poranen-Clark et al., 2015; von Hofsten, 2007; Zysset et al., 2018).

A recent study on five- to six-year-old children found a positive correlation between motor skill performance
and EFs (Stockel & Hughes, 2016). Another study on the same age group proposed that several motor scores
(qualitative and quantitative) were correlated to working memory and verbal fluency, a relationship which re-
mained significant even after controlling for attention. Results from studies that included older children as well
(four- to sixteen-year-old) using cross-sectional data have shown correlation between more demanding motor
skills and executive functions (van der Fels et al., 2015). In a similar sampled study (typically developing chil-
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dren six to fourteen years old), several weak but significant links were reported between motor skills and inhibi-
tion, working memory, and the cognitive flexibility assessed using the Pearson correlation coefficient (absolute
values ranging from 0.02 to 0.22) (Piek et al., 2004). Even after considering the variables of age, gender, and inat-
tention, Piek and her colleagues (2004) concluded that working memory and inhibition continued to present sig-
nificant correlation to motor performance of the sample. Similarly, Livesey and colleagues (2006) found that
overall motor performance was moderately-to-strongly related to inhibition in typically developing young chil-
dren (five to six years old). Finally, the same intensity of correlations ranging from weak to moderate between
motor performance and inhibition were found in a normative sample of adolescents (Rigoli et al., 2012). On the
opposite side, a study involving five- to six-year-old children highlighted that motor ability and EFs presented a
link only on one working memory task (Wassenberg et al., 2005).

Evidence from children with SEND

It has been suggested that the relationship between motor and cognitive skills might be more apparent in
children with developmental disorders. Research has illustrated that children with motor coordination difficul-
ties also exhibit additional difficulties in EFs (Bernardi et al., 2018; Leonard & Hill, 2015). In a two-year follow-
up study, Bernardi and colleagues (2018) concluded that children exhibiting poor motor coordination (either
diagnosed with Developmental Coordination Disorder, or not) exhibited persistent difficulties in their executive
functions, mainly associated with the non-verbal domains of EFs. Their results came in complete agreement with
previous relevant research (Michel et al., 2011). In 2018, Michel, Molitor, and Schneider presented the results of a
one-year follow-up investigation on the relationship between motor coordination difficulties and poor executive
functioning in four- to six-year-old children (Michel et al., 2018). In their study, they initially recruited a sample
of 208 four- to six-year-old children from mainstream and special needs. After being tested with the M-ABC-2,
all the children that scored below the 10t percentile (n = 48) were included in the motor coordination impair-
ment group and were later paired with a child from the rest of the sample as a comparison measure. One year
later, the sample was tested again. The data collected from several tasks (i.e., the GoNogo task, the standard
Flanker task, and part 1 of the HTKS task) indicated that a year after the initial measurement and without the
presence of an intervention programme, half of the young participants in the impairment group were able to
catch up with their typically developing peers in regard to their executive functioning, while the rest continued
to “perform worse” (Michel et al., 2018, p. 36). Furthermore, Houwen and colleagues (2016) highlighted once more
the overlap of these two developmental domains in their study where children who face cognitive difficulties
were more likely to experience motor difficulties as well.

The correlation between motor development and EFs has also been supported by studies on children with at-
tention deficit hyperactivity disorder (ADHD) (Fliers et al., 2012). Recruiting a sample of 50 children with diag-
nosed ADHD, Ziereis and Jansen (2016) examined the correlation between cognitive and motor abilities in this
cohort. The researchers found significant links between motor skills and working memory, introducing the hy-
pothesis that motor training could improve executive functioning in children with ADHD. The hypothesis was
later tested and proven valid by several relative studies (Benzing et al., 2018; Den Heijer et al., 2017; Grassmann
et al., 2017). Children with diagnosed ADHD often have gross motor skills problems (difficulties with balance,
rapid movements, and with consistency and timing of movements). Similar deficits can be identified in children
with dyslexia (Marchand-Krynski et al., 2017).

Finally, children and adults within the autism spectrum often experience disturbances, not only in gross and
fine motor skills (Kopp et al., 2010), but also in their general coordination, with hypotonia and apraxia being
very common among them (Ament et al., 2015; Whyatt & Craig, 2012). In 2016, a group of researchers examined
EFs in infants at with various levels of risk for ASD (based on family history), and the potential links between
motor skills and EFs (St. John et al., 2016). Infants that had a sibling or a first degree relative diagnosed with au-
tism spectrum disorder were considered high risk, and infants with no history of autism in their immediate fam-
ily were considered low risk. Motor skills (both fine and gross) and cognitive ability were directly measured at
two time points (12 and 24 months). The results indicated that even though no group differences were observed
at 12 months, motor skills were associated with EF performance on reversal trials at 24 months. According to
researchers, “findings suggest that high risk siblings demonstrate altered EF development and that motor skills may play
an important role in this process” (St. John et al., 2016, p. 1016).
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Discussion

The available literature on the relationship between motor skills and executive functioning present a few is-
sues that warrant further investigation. Initially, most of the studies on the matter have examined the relation-
ship between the two constructs focused on five-year-old children and older (with a few exceptions of research
on infants). Even though the preschool years have been highlighted as a crucial developmental period for both
motor and cognitive skills, empirical research involving three to five-year-old children is rather rare (Niederer et
al., 2011).

Another important issue to consider is the significant contradictions among the results of different studies.
The inconsistency of evidence stems from various reasons. Should we examine more thoroughly various studies
on the matter, it appears that when confounding variables are examined, the statistical significance of the rela-
tionship between the motor skills and EFs is weakened (e.g., Piek et al., 2008; Rigoli et al., 2012; Roebers & Kau-
er, 2009). For instance, in a study, which was focused on seven-year olds who attended mainstream primary
school, weak-to-moderate but significant correlations were reported between motor skills and EFs. However,
additional checks took place controlling for the variables age and processing speed, leading to a decrease in the
amount of significant correlations (Roebers & Kauer, 2009). The researchers endeavoured to explain the contra-
dicting results above by introducing two new concepts (the nominal task difficulty and functional task difficul-
ty) as variables influencing the link between motor performance and EFs. The former referred to the difficulty of
the task, and the latter to the skills required by the child participating in the task. More specifically, Roebers and
Kauer (2009) claimed that the young participants had already reached, at least to some extent, a level of automa-
ticity, which enabled them to perform the easy gross motor tasks with limited demands on EFs. This resulted in
the weak and non-significant links with EFs. However, in the instance that they had to face more demanding
(complex) gross motor tasks, and thus utilise the EFs, the performance correlated significantly with EFs. Rigoli
and colleagues (2012) agreed with the crucial role of the child’s developmental level, but they also proposed that
correlation between motor skills and EFs may be influenced by existing motor coordination difficulties.

Moreover, a significant inconsistency among the studies that could account for the conflicting results is the
way EFs were measured (performance-based measures versus observation ratings by parents/carers and teach-
ers) (Toplak et al., 2013). According to Toplak and colleagues (2013), these two distinct measures do not assess
the same construct. On one hand, the performance-based measures of EFs are implemented under optimal per-
formance situations and within very structured conditions, often providing unclear data on how motor perfor-
mance may be related to observations of EFs in an everyday context. On the other hand, parents” and teachers’
rating measures occur under typical performance situations and evaluate the individual’s manifestations of EFs
in unstructured everyday conditions, but they are more prone to bias. ‘The former measures are “supervisory”, and
the latter involve “executive control” (Toplak et al., 2013, p. 140). Thus, it has been suggested that both perfor-
mance-based measures and ratings should be used in a complimentary manner (Houwen et al., 2017).

Furthermore, the significant variable of the cultural context has been ignored in many of the studies. The way
EFs are perceived and evaluated differs significantly between Western and Eastern cultures, which could have a
valuable impact on the results, mainly when parents” and teachers’ rating are used as a means of evaluating EFs.
In a study concerning the relationship between EFs and school achievement in six- to eleven-year-old children
from four different countries (Sweden, Spain, Iran, and China), Thorell and colleagues (2013) suggested the ex-
istence of cultural bias in how the assessments were completed by parents or teachers (i.e., Chinese boys re-
ceived lower rating than girls to the extent that they were illustrated as having EFs’ deficits, while Iranian girls
received lower rating than boys. No similar variation in EFs due to sex being observed in Sweden or Spain). Ac-
cording to the researchers, ‘perhaps executive functioning deficits are exacerbated in China because the Chinese
culture has such a strong emphasize [sic] on self-regulatory skills” (Thorell et al., 2013, p. 635). The cultural bias
effect is not a novel methodological issue. In a 2011 study regarding ADHD symptoms in children, Hinshaw and
colleagues pinpointed the same phenomenon. According to their study, American teachers showed more toler-
ance regarding what type of behaviour they considered disruptive, while Chinese teachers tended to be stricter,
resulting in two significantly different ratings for the same behaviour (Hinshaw et al., 2011). American teachers
showed more tolerance regarding what type of behaviour they considered disruptive, while Chinese teachers
tended to be stricter, resulting in two significantly different ratings for the same behaviour (Hinshaw et al.,
2011). According to Thorell and colleagues (2013), executive functioning ratings are prone to bias, especially
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from a cross-cultural point of view, which highlights the need for continuous research for more sensitive and
valid tools for measuring EFs.

Finally, an emerging concept and possible implication deriving from the existence of a relationship between
gross motor skills and EFs, as well as the nature of this relationship, is the use of motor training as an indirect
way of enhancing EFs. As it has already been mentioned, this notion was presented by Ziereis and Jansen (2016),
and it referred to the use of motor training as a means of improving EFs in children with ADHD. This hypothe-
sis was also tested and proven valid by several researchers in the field (Benzing et al., 2018; Den Heijer et al.,
2017; Grassmann et al., 2017).

As it has been highlighted, the relationship between gross motor skills and EFs is apparent in all children.
Research on children with or without SEND, as well as on children in various age groups (from preschoolers to
teenagers) has pinpointed the existence of a weak to strong correlation between these two concepts, especially
between EFs and more complex motor skills. This relationship has inspired an increasing number of researchers
into utilising motor training activities as a means of enhancing EFs in children. However, most of these studies
are limited to children attending primary education and beyond, leaving the preschool age a rather undevel-
oped area.

Conclusion

The relationship between motor and cognitive development has been an area of interest for more than 70
years. The available literature in both neurophysiological and behavioural level verifies this relationship, with
contradicting results regarding its significance. Based on the studies presented above, the correlation between
these two concepts can vary from weak to strong, depending on the sample (age, abilities, and skills), and the
method of measuring EFs.

In the present paper the authors not only highlighted the existing gaps in this area of research, but they also
suggested future directions and implications. Initially, most of the studies outlined above presented a significant
lack of consistency not only regarding the assessment methods used, but also the sample, and the targeted mo-
tor skills and EF. Thus, the results regarding the relationship between motor skills and EFs were often contra-
dicting, not allowing generalisations to be made and conclusion to be drawn. Additionally, the authors pin-
pointed the limited research on the matter concerning children three-to-five years old. Based on these points, the
authors of this article claim that there is significant need for more thorough and in-depth investigation of the
relationship between gross motor skills and EFs through studies that present consistency in their methodologies
and statistical analyses. Furthermore, it is of great importance for future studies to be focused on the relations
between gross motor skills and EFs in children three-to-five years old, as it is universally acknowledged that
preschool age is a rather significant developmental stage that can have a valuable impact on later life. The con-
sistency among the studies, as well as the more thorough examination of the preschool age group will allow re-
searchers to decode the true relationship between EFs and motor skills in this age group (including methods to
validly assess EFs). As a result, it will be easier for researchers to design, and for educational staff to implement,
appropriate prevention and intervention programmes. Should we consider the extent to which these awaiting to
be discovered and utilised intervention and prevention programmes could support children with and without
SEND, it is without a doubt that more attention and consideration should be given on this relationship, especial-
ly regarding young children three-to-five years old.

Implications for Physical Education

Nowadays, there is a significant shift in a more academic way of learning, even in preschool education,
resulting in the diminishment of the importance of physical education (PE). The research presented in this
paper highlights the importance of PE curriculum for children with and without SEND, not only as a means
of enhancing the development of gross motor skills, but also as a way to improve and support cognitive
development.
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Implications for Quality of Life

The importance of EFs in children’s development and quality of life has been long proven and acknowl-
edged. The relationship between gross motor skills and EFs has created possibilities regarding the utilisa-
tion of PE as a way of enhancing EFs, and through that, of supporting children with and without SEND in
their cognitive development, resulting in better quality of life.
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