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Abstract: It is well known that curricular physical activity benefits children’s executive functions and
academic performance. Therefore, this study aimed to determine whether there is an influence of
extracurricular sports on executive functions and academic performance. However, it is less known
which specific types of the sport better enhance executive functions in children; to investigate this
issue, this study compared the performance on executive functions tasks and academic performance
in one hundred and two boys and girls with an average age of 11.84 years recruited from Italian
schools and gyms (N = 102), who participated in martial arts or team sports or were sedentary
children. Executive functions were measured with the tests: Attenzione e Concentrazione, Digit Span
test, Tower of London, IOWA Gambling task BVN 5-11, and BVN 12-18. Results demonstrated that
children practicing martial arts showed better executive functioning and higher school marks than
those involved in team sports or not involved in any sports. Furthermore, participants aged 12 to
15 years old outperformed in cool and hot executive functions tasks and had a better academic perfor-
mance. Thus, the present findings supported the view that regular practice of extracurricular sports
enhances executive functions development and consequently influences academic performance.

Keywords: sport; physical activity and sport in youth; executive functions; academic performance

1. Introduction

The World Health Organization (WHO) has identified the school as a key setting
for the promotion of physical activity (PA) in children [1]. The school setting is an ideal
environment where develop PA interventions in childhood [2]. PA in schools has not
only advantages from a child’s physical and emotional development, but at the same
time, it has also potentially wide school benefits [1,3-5]. Moreover, recent studies focus
on the positive effect of extracurricular sport on AP [6,7]. It has been proven that sport
has beneficial effects upon concentration, enhanced cognitive performance, and better
academic performance (AP) [7-10].

Haapala [11] carried out a systematic literature review and analyzed studies from 1966
to 2011 on the PA, AP, and Cognition in Children and Adolescents. In summary, the author
demonstrated how 14- to 36-week physical exercise training programs enhanced children’s
performances in mathematical, reading, and language. Within the study’s statistical analysis,
it was found that there was no direct relationship between physical activity and academic
performance in the population group studied. This Relationship is supposed to be indirect
and mediated by the action of the executive functions (EF) [12,13], which are considered a
crucial and robust indicator of school success from preschool age [14-18].

EFs are a collective term under which a broad spectrum of cognitive abilities is
summarized. These abilities are needed for goal-directed, purposeful thoughts and behav-
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iors [19-21]. Working memory, inhibition, and cognitive flexibility are considered three core
EFs and are classified as “Cool” [22] because they refer to the cognitive components of self-
regulation. In addition to these, effortful control defines the “Hot” EFs of self-regulation
that are involved in processing positive or negative emotional cues to achieve a goal [23,24].
EFs depend on the prefrontal cortex (PFC) area. This region’s structural growth develops
slowly across development; from childhood, when it results less specialized, through ado-
lescence with synaptic pruning processes up to early adulthood, characterized by complete
maturation [25,26]. Hot and Cool EFs follow a bell-shaped curve, with an ascendant line
from early adolescence and a peak in middle childhood, between 14 and 15 years old [27].

Evidence suggests that different types of sport may influence EFs in various ways:
movement, motivational and emotional enhancement, social interaction, and coopera-
tion [28-30]. Currently, several researchers have proposed that EFs’ improvements via
sport depend on the movement characteristics involved in the activities [31,32]. Since the
environment influences motor skills, sports can be classified as open or closed skills [9].
Open skills sports involve complex cognitive processes, such as perception, attention,
planning, strategy development, set changes, ongoing adaptability, and active decision
making [33]. They are performed in dynamic and unpredictable environments [9,34]. Bas-
ketball, tennis, karate, soccer, and volleyball squash are examples of typical open-skill
exercises. Conversely, closed skills involve fewer cognitive demands [33], are performed
in a predictable environment [9], and are self-paced [33]. Typical exercises are running,
cycling, and swimming [9]. Recent studies suggest that open-skill sports improve cognitive
functions, such as attention, perception, short-term memory, as well as EFs, as cognitive
flexibility, and inhibition [9,35,36]. People involved in open-skill exercises, who are re-
quired to adapt in a constantly changing environment, are hypothesized to have better EFs
than those who participate in closed-skill ones [33,37,38].

Despite the increasing occurrence of studies that demonstrate the positive effects of
PA on the cognitive domain, results concerning the influence of PA on school achievement
are variegated [39-41], although no study showed PA having detrimental effects, but at
least no effects [42].

Becker and colleagues [7] found a positive association between sports, EFs, and AP,
particularly in math. According to their results, participating in various open-skill sports
(i.e., basketball, martial arts, or football) was linked to higher mathematic marks. The
authors explained this relationship as increased spatial skills that could be connected to
performance on math-related tasks and involvement in open-skill sports. They did not find
a significant outcome for literacy since phoneme and letter identification of reading are
processes that may less benefit from EFs. In their study, Alesi and colleagues (2014) [43]
showed that participants who were involved in karate performed better on working
memory, attention, and executive functions tasks.

Moreover, tennis play was associated with better working memory, cognitive flexibility,
and inhibition [6]. Dyer and colleagues (2017) [44] found a positive relationship between
sport and AP. Their results showed that sports participation predicted English and math
performance.

Despite these results from the studies mentioned earlier, little is known about AP as in-
fluenced by specific sport categories. For example, research has supported team sports [44];
on the other hand, many studies have emphasized the benefits of martial arts [45-47].

In conclusion, specific sports require different demands related to varying cognitive
loading [48].

The purpose of this study is to compare the performance of Cool EF and Hot EF tasks
and school achievement, among participants involved in martial arts, team sports, and
sedentary children with ages ranging from 7 to 15 years.

Difference among the two sports groups was hypothesized; in particular, that partic-
ipants involved in martial arts would show better performance on tasks measuring EFs
when compared with peers practicing team sports. Moreover, all sports groups would show
better performance on EF tasks compared with sedentary peers. Lastly, it was hypothesized
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that better performance on EFs tasks reflects better school marks on mathematical and lin-
guistic school subjects. As concerning age, the 12-to-15-years-old group was hypothesized
to outperform on EF tasks.

2. Materials & Methods
2.1. Participants

A total of 102 Italian school children (58 boys, 44 girls) with an average chronological
age of 11.84 (2.41) years were involved in this study.

Participants were classified into two age groups 7-11 (43.1%), 12-15 (56.9%). In addi-
tion, 40.2% did martial arts, 18.6% were sedentary, and 41.2% practiced team sports. As
concerning gender, 56.9% were male and 43.1% were female. Inclusion criteria were the
absence of intellectual disability, visual or neurological impairment, and/or neurodevelop-
mental disorders; and to correctly understand and speak the Italian language.

Participants practiced martial arts or team sports in their leisure time three times per
week at least in the 2 years prior to the research. Sedentary children did not participate in
any sport at least in the 2 years prior to the research.

The medium socio-economic level was predominant (51.7%), based on parents’ educa-
tion and employment parameters. Participants were recruited in public schools or gym:s,
all located in an urban area, based on voluntary participation in the research project. After
the headmaster of each school or gym approval, parents were contacted through flyers
announcing the research project with aims, procedures, and a guarantee of anonymity
and confidentiality for participants. Then parents were invited to allow their children to
participate in the study and provide their written consent. This study was carried out
following the recommendations of the Declaration of Helsinki (2013) and the Ethical Code
of the Italian Association of Psychology (AIP).

Table 1 displays the number of participants for each age group and sport category.

Table 1. Number of participants for age group and sport category.

Martial Arts Sedentary Team Sports Total
Age
7-11 13 6 25 44
12-15 28 13 17 58
N 41 19 42 102
2.2. Design

Firstly, a Socio-Demographic Schedule was administered to collect participants” age,
education, school marks, and SES. The criteria for SES evaluation were the family size,
parents’ education, and job. The medium-high status was given by the parental qualifica-
tion of high school or graduation and job requiring a diploma or high qualification. The
medium status was given by parental qualification or middle school and high qualified
job as a teacher, employee, shop assistant, or similar. The medium-low status was given
from the parental qualification of primary school and qualified to require as housekeeper
or student.

A battery of multiple standardized tasks was used to measure executive functioning
and multiple standardized tasks were used. This consisted of the following tests: The
Stroop test and The Distributed Attention test derived by the CD-ROM from Attenzione e
Concentrazione [49]; The Tower of London [50]; The IOWA Gambling Task [51] derived
from the Millisecond Inquisit Software; and The Digit Span and The Verbal fluency were
measured using the BVN 5-11 [52] and BVN 12-18 [53].

The Digit Span Test was composed of two tasks: the Forward Digit Span, which
required participants to repeat a sequence of digits in the same order of the instructions,
and the Backward Digit Span, which required participants to repeat the digits in the reverse
order of the instructions. Forward Digit Span consisted of 27 sequences ranging from two
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to nine digits, while Backward Digit Span contained 24 sequences ranging from two to
eight digits. The experimenter verbally presented each sequence at the rate of one digit
per second. Two trials were administered for each sequence length; if participants were
correct on either trial, then they advanced to the following sequence with the number of
digits increasing by one. The test was ended when participants failed on two trials of the
same length. Scores were computed by counting the total number of digits successfully
remembered Forward Digit Span and Backward Digit Span were analyzed as separate
dependent variables, and two scores were obtained [54].

The Stroop test assessed the ability to inhibit cognitive interference of word meaning
on the ability to name the color of the words appearing on the screen (blue, black, red, and
green). There were two categories of stimuli fallen into two categories: congruent trials
including words in which color word and the color print matched (i.e., RED painted in
red color); incongruent trials including words in which color word and color print were
different (i.e., RED printed in blue color). Scores resulted in reaction time and accuracy for
congruent and incongruent trials.

The Tower of London (ToL) measured planning strategies. Participants were showed
on the laptop screen a wooden set with three pegs and three balls (red, blue, and green),
and participants were asked to move balls to reach the configuration, following specific
rules (i.e., to move only one ball at a time, do not place ball outside the set, to use a
predetermined set of moves). The ToL was composed of 12 trials with an increasing level of
difficulty. Scores were computed by counting the correct configuration from 0 to 12 points.

The Iowa Gambling Task (IGT) is a computerized card game to assess decision-making
abilities by simulating real-life situations with rewards and punishments. It is composed
of four card decks: A, B, C, and D. The A and B decks are “disadvantageous,” short-term,
and risky card desks. Each participant chooses a card, and s/he immediately gains money,
but a high penalty follows the choice. The C and D are “advantageous”, long-term, and
safe card decks. A smaller gain and lower penalty followed participant’s choice. The task
is unknown to the participant, consisting of 100 trials (1 trial = 1 card drawn, 20 trials
= 1 block). Long-term decision-making is reflected in the IGT score calculated as the
number of cards selected from the advantageous, safe decks minus those selected from
the disadvantageous, risky decks. The net score of the first 40 trials reflected uncertainty
decision-making; the net score of the last 40 trials reflected risk decision-making. A high
net score was given by selecting fewer cards from the disadvantageous but immediate
reward decks (A and B) and drawing more cards from the advantageous reward decks
(C and D). Two singles scores were obtained: 1. “good play,” given by the choice from
advantageous, good, decks outweigh those from disadvantageous, bad one; 2. “bad play”
given by choices from risky, bad decks exceed those from safe, good ones.

The Attenzione e Concentrazione test was used to test distributed attention through a
dual-task test. Participants were instructed to push a button whenever a target appeared,
simultaneously a list of words, and the child was asked to push another button when he
heard the word target. Thus, attention was distributed on two parallel tasks, the visual one
and the auditory one. Two scores were entered: correct answers and errors.

The Verbal Fluency Test derived consisted of category fluency and phonemic fluency
to test the speed of access to the lexicon. Participants were given a minute to produce as
many words as possible within a specific category (i.e., animal, fruits) or starting with a
given letter (i.e., S). Scores were computed for each category (or given letter) and a total as
a summary by adding all the scores together.

Tasks were administered to each participant by a researcher in a quiet room of the
school/gym and required one session of 30 to 40 min. Tasks were presented in a balanced
order to avoid the effect of sequence. For example, the initial order was: 1. The Digit Span;
2. The Distributed Attention, 3. The ToL; 4. The Stroop test; 5. The IOWA Gambling Task;
6. The Verbal fluency. Then, the order was 1. The Distributed Attention; 2. The ToL; 3. The
Stroop test; 4. The IOWA Gambling Task; 5. The Verbal fluency; 6. The Digit Span, and
so on.
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School achievement was measured through the final school marks in linguistic and
mathematical subjects reported by each participant at the end of the first four months of
the school year. School marks ranged from 1 to 10, with higher scores indicating better
school achievement. The researcher verified the matching between the self-reported school
marks and school report cards.

2.3. Statistical Analysis

SPSS software (Released 26, SPSS Inc. NY, USA) was used to run statistical analyses.
Multivariate ANOVA was computed to compare cognitive outcomes in children involved
in martial arts, team sports, and sedentary children. The independent variables were sport
and age, and the dependent variables were the scores on Hot EFs and Cool EFs tasks, such
as working memory, inhibition, planning, attention, and decision making. The significance
level was set at p < 0.05.

3. Results

Data analysis showed significant differences between the three groups for the fol-
lowing cognitive abilities. As concerns the age main effect, 12-to-15-year-old participants
had higher scores in working memory [F (1102) = 13.137, p = 0.000, n2p = 0.123], inhibi-
tion [F(1102) = 6.230, p = 0.014, n2p = 0.062], verbal fluency [F(1102) = 19.106, p = 0.000,
n%p =0.169], and in auditory distributed attention [F(1102) = 3.771, p = 0.05, n’*p = 0.039].
Moreover, significant differences were found on the IOWA test in the criterion of differences
between good and bad play [F(1102) = 10.074, p = 0.002, n?p = 0.097]. Results are showed
in Table 2. As concerns the sport category main effect, children who practiced martial arts
performed better in working memory [F(2102) = 3.680, p = 0.029, an = (0.073], inhibition
[F(2102) = 10.891, p = 0.000, nzp = 0.188], distributed attention [F(2102) = 6.410, p = 0.002,
n?p = 0.120], visual distributed attention [F(2102) = 6.921, p = 0.002, n?p = 0.128], and
auditory distributed attention [F(2102) = 5.120, p = 0.008, n?p = 0.098]. Regarding Hot EFs,
a significant difference on IOWA test in good play [F(2102) = 3.232, p = 0.04, n?p = 0.064]
was found. Results are showed in Table 3.

Table 2. Means, standard deviations, and ANOVA results for EFs tasks stratified by age.

Age
7-11 12-15
Executive Functions Tasks
M SD M SD F p n%p
Working memory 3.81 (1.31) 5.03 (1.21) 13.137 0.000 *** 0.123
Inhibition 28.24 (8.74) 35.00 (12.28) 6.320 0.014 ** 0.062
Verbal Fluency 41.81 (9.25) 51.55 (9.18) 19.106 0.000 *** 0.169
Auditory distributed 476 (1.41) 5.34 (1.61) 3.771 0.05 * 0.039
attention
IOWA difference between o
good and bad play —2.41 (6.95) 1.90 (6.56) 10.074 0.002 0.097

*=p<0.05;* = p < 0.01; ** = p < 0.001.
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Table 3. Means, standard deviations, and ANOVA results for EFs tasks stratified by groups.

Sport Category
Martial Arts Team Sports Sedentary
Executive Functions Tasks

SD M SD M SD F p 1°p
Working memory 5.13 (1.41) 4.00 (1.21) 4.42 (1.26) 3.680 0.029 * 0.073
Inhibition 39.00 (14.45) 28.50 (5.00) 26.21 (6.73) 10.891 0.000 *** 0.188
Verbal Fluency 49.13 (11.73) 45.55 (8.85) 48.26 (10.30) 0.068 0.935 0.001
Distributed attention 11.08 (4.42) 8.81 (1.29) 8.32 (1.45) 6.410 0.002 ** 0.120
Auditory distributed 560 (214) 483 (58) 447  (121) 5120 0.008*  0.098

attention
IOWA good play 71.89 (16.03) 79.27 (13.48) 78.83 (15.76) 3.232 0.044 * 0.064

*=p<0.05;** =p <0.01; ** =p <0.001.

No interaction effects of factors were found.

School marks in linguistic and mathematics were higher in children involved in
martial arts than their peers involved in team sport and sedentary children. The martial
arts group outperformed in linguistic, both at the ages of 7-to-11-years-old (M = 8.56) and
12-to-15-years-old (M = 7.59). In mathematics, only 7-to-11-years-old children practicing
martial arts reported higher scores (M = 8.56) compared to other groups. The means and
standard deviations are summarized in Table 4, separately for martial arts, team sports,
and sedentary.

Table 4. School marks in linguistic and mathematics for the three-sport categories: martial arts, team
sport, and sedentary.

Sport Category
School Marks Age Martial Arts Team Sports Sedentary
Lineuistic 7-11 8.56 (0.73) 8.04 (1.10) 7.50 (1.38)
& 12-15 7.59 (1.55) 7.12 (0.78) 7.38 (1.26)
‘ 7-11 8.56 (0.88) 8.04 (1.219) 6.83 (1.17)
Mathematics 12-15 7.48 (1.28) 7.65 (0.93) 7.15 (1.28)

4. Discussion

This study aimed to compare performance on EFs and AP of children practicing
martial arts, team sports, and sedentary children with an average age of 11.84 years.
Our findings show that the 12-to-15-years-old group would perform better in EF tasks,
both Cool and Hot. Higher performances were found in working memory, inhibition,
verbal fluency, distributed attention, and decision-making tasks. This is coherent with
developmental trajectories showing how a gradual linear maturation defines EFs from
preschool throughout adolescence [55].

The gradual growth of EF is widely due to the involvement of the prefrontal cortex
(PFC), particularly in the dorsolateral region. Structurally, this region develops slowly
across age; from the age of six years, an activation of PFC, although less specialized, is
evident when children perform EFs tasks, but this development carries on with the age
until reaching the complete maturation in early adulthood age [25,26]

Moreover, participants practicing martial arts displayed a better performance on EF
tasks and AP than those who attended team sports or were sedentary. In addition, they
performed better in inhibition, working memory, distributed attention, verbal and auditory,
verbal fluency tasks, and decision making.

Historically, martial arts have highlighted the importance of self-regulation abili-
ties, and for this reason, the terms self-control and discipline are strongly connected to
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them [56]. The ability to learn self-control might be recast as the ability to inhibit, repress,
control automatic responses, and create responses by using attention and reasoning. In
martial arts, attention is focused on the main object, such as the rival, but at the same time
distributed across its various features [56]. Moreover, martial arts and other open-skills
sport are defined by changing movements and situations, stimulating goal-directed be-
haviors. As stated in a previous study, children practicing karate regularly show better
cognitive functioning in visual selective attention, verbal working memory, reaction time;
all these cognitive abilities improve karate performance and differentiate athletes and
novices [57]. Specifically, successful karate performance needs high cognitive engagement
and EFs components, such as updating and monitoring information in memory, switching
attention resources from one task to another, and inhibiting automatic thoughts and be-
haviors. Moreover, karate triggers goal-directed behaviors to face changing situations and
movements.

In the study, a significant benefit was observed for AP, and it consisted in higher marks
on linguistic and mathematic areas for children regularly practicing extra-school sports;
these results are in line with previous researches and reinforce the beneficial effects of PA
on EFs and as a consequence on AP [46,47,57,58]. Moreover, children practicing martial
arts had the highest school performance. Based on research, we conjecture that martial
arts may improve cognitive development by different pathways: stimulating changes
in the brain structure; offering an “enriched environment”; generating social interaction
opportunities; enhancing self-confidence and self-awareness [59]. In addition, sports
produce benefits on health and EFs and promote the enjoyment, higher self-esteem levels,
and social inclusion [60,61].

To sum up, based on our results, PA as martial arts would be helpful to improve
school abilities, not only as AP but also as school readiness. As proof of this, Pinto-Escalona
et colleagues [47] implemented a one-year karate intervention in five different European
countries. In the school gyms, an enriched environment was designed to provide senso-
motor stimuli for the motor skills growth and cognitive performance, and the intervention
group was trained for 2 h/week on a standard education curriculum through karate
exercises. Their significant results included cognitive functioning and physical fitness and
AC with a more significant increase in school marks.

Limitations and Future Lines of Research

Interesting implications on the educational fields are supported. Firstly, coherently, it
is imperative to encourage sport participation at a young age. Specific parent or teacher
education programs would be necessary to share good practices deriving from the aware-
ness of sports benefits. Too often, these benefits are linked only to physical health, as the
limitation of overweight and obesity for an increasingly inactive lifestyle on childhood.
Teachers and families need to understand how sports activities can contribute to child
cognitive development by enhancing planning, sustained and divided attention, working
memory, inhibition abilities by enjoying activities. In a complementary way, researchers
and practitioners need to understand what sports and exercise interventions are suitable
for cognitive development to create the perfect matching between one sports task and one
executive function. In particular, as concern the martial arts, it would be remarkable to
study the cognitive profiles of children practicing different components such as kumite
and kata characterized by different levels of open or closed skill activities, different goals,
and different exercises training programs.

5. Conclusions

To sum up, the findings of this study suggest how sport participation and the prac-
tice of martial arts, in particular, contribute to improving school abilities. This study’s
strength is highlighting the influence of participation in after-school sports activities on
the development of EFs and on academic performance. With the recognized benefits of
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physical fitness for health since childhood, most studies have focused on the benefits of
school physical activities.

Furthermore, future research is needed to remedy the shortcomings of this study. A
significant limitation lies in methodological concerns as the measurement of children’s
AP through school grades at the end of the term. Even if the grades were reliable, direct
measurements of academic skills such as reading, writing, and arithmetic should be made.
This is because EFs directly influence the acquisition of the school-skills as mentioned above,
which, together with other contextual and social factors, ultimately result in school grades.

More future research is needed to fully understand the link between sport, EFs,
and AP. Results from this study further our understanding of martial arts, which can
enhance cognitive development, in particular EFs. Martial arts represent an exercise
program supporting life-long physical and psychological positive effects, with significant
consequences on EFs and AP.

From the psycho-educational point of view, it is essential promoting participation
in sports. It has been shown to significantly increase opportunities for children to be
physically active, both in curriculum physical activity and extracurricular sports [62,63].

Author Contributions: Conceptualization, M.A.; Methodology, M.A., G.G.; Validation, M.A., G.G.
and M.G.-L.; Formal Analysis, M.A.; Investigation, G.G.; Data Curation, G.G.; Writing—Original
Draft Preparation, G.G.; Writing—Review & Editing, M.A. and M.G.-L.; Visualization, M.A., G.G.
and M.G.-L.; Supervision, M.A. and M.G.-L.; Project Administration, M.A.; Funding Acquisition,
M.A. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the Erasmus E+ Sport Project Enriched Sport Activity
Program (ESA Program), Agreement No.: Sport-579661-EPP-1-2016-2-IT-SPO-SCP.

Institutional Review Board Statement: This study was carried out following the recommendations
of the Declaration of Helsinki (2013) and the Ethical Code of the Italian Association of Psychol-
ogy (AIP).

Informed Consent Statement: Informed consent was obtained from all subjects’ parents involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest.
Abbreviations

WHO (World Health Organization), PA (Physical Activity), EF (Executive Functions), AP (Aca-
demic Performance).

References

1. World Health Organization. Promoting Physical Activity in the education sector. In Current Status and Success Stories from the
European Union Member States of the WHO European Region; WHO Regional Office for Europe: Copehangen, Denmark, 2018.

2. Dobbins, M.; Husson, H.; DeCorby, K.; LaRocca, K.L. School-based physical activity programs for promoting physical activity
and fitness in children and adolescents aged 6 to 18. Cochrane Database Syst. Rev. 2013, 2. [CrossRef] [PubMed]

3. Hills, A.P; Street, S.J.; Byrne, N.M. Physical activity and health: “what is old is new again”. Adv. Food Nutr. Res. 2015, 75, 77-95.
[CrossRef] [PubMed]

4. Pedersen, B.K. Physical activity and muscle-brain crosstalk. Nat. Rev. Endocrinol. 2019, 15, 383-392. [CrossRef]

5. Stern, Y.; MacKay-Brandt, A.; Lee, S.; McKinley, P; McIntyre, K.; Razlighi, Q.; Agarunov, E.; Bartels, R.; Sloan, R.P. Eect of aerobic
exercise on cognition in younger adults: A randomized clinical trial. Neurology 2019, 92, €905-€916. [CrossRef] [PubMed]

6. Ishihara, T.; Sugasawa, S.; Matsuda, Y.; Mizuno, M. Relationship of tennis play to executive function in children and adolescents.
EJSS 2017, 17, 1074-1083. [CrossRef] [PubMed]

7. Becker, D.R.; McClelland, M.M.; Geldhof, G.J.; Gunter, K.B.; MacDonald, M. Open-skilled sport, sport intensity, executive function,
and academic achievement in grade school children. Early Educ. Dev. 2018, 29, 939-955. [CrossRef]

8.  Errisuriz, V.L.; Golaszewski, N.M.; Born, K.; Bartholomew, ].B. Systematic Review of Physical Education-Based Physical Activity

Interventions among Elementary School Children. J. Prim. Prev. 2018, 39, 303-327. [CrossRef] [PubMed]


http://doi.org/10.1002/14651858.CD007651.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23450577
http://doi.org/10.1016/bs.afnr.2015.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26319905
http://doi.org/10.1038/s41574-019-0174-x
http://doi.org/10.1212/WNL.0000000000007003
http://www.ncbi.nlm.nih.gov/pubmed/30700591
http://doi.org/10.1080/17461391.2017.1334831
http://www.ncbi.nlm.nih.gov/pubmed/28609253
http://doi.org/10.1080/10409289.2018.1479079
http://doi.org/10.1007/s10935-018-0507-x
http://www.ncbi.nlm.nih.gov/pubmed/29705883

Int. J. Environ. Res. Public Health 2021, 18, 11745 90of 10

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

Gu, Q.; Zou, L,; Loprinzi, PD.; Quan, M.; Huang, T. Effects of open versus closed skill exercise on cognitive function: A systematic
review. Front. Psychol. 2019, 10, 1707. [CrossRef]

Pancar, S. The effect of open and closed-skill sports n cognitive functions. Sport. Bakis 2020, 7, 159-166. [CrossRef]

Haapala, E.A. Cardiorespiratory Fitness and Motor Skills in Relation to Cognition and Academic Performance in Children-A
Review. |. Hum. Kinet. 2013, 36, 55-68. [CrossRef]

Schmidt, M.; Egger, F,; Benzing, V.; Jager, K.; Conzelmann, A.; Roebers, C.M.; Pesce, C. Disentangling the Relationship between
children’s motor ability, executive function and academic achievement. PLoS ONE 2017, 12, e0182845. [CrossRef] [PubMed]

de Bruijn, A.G.M.; Hartman, E.; Kostons, D.; Visscher, C.; Bosker, R.J]. Exploring the relations among physical fitness, executive
functioning, and low academic achievement. J. Exp. Child Psychol. 2018, 167, 204-221. [CrossRef]

McClelland, M.M.; Cameron, C.E.; Connor, C.M.; Farris, C.L.; Jewkes, A.M.; Morrison, EJ. Links between behavioral regulation
and preschoolers’ literacy, vocabulary and math skills. Develop. Psychol. 2007, 43, 947-959. [CrossRef]

Best, ].R.; Miller, PH.; Naglieri, ].A. Relations between executive function and academic achievement from ages 5 to 17 in a large,
representative national sample. Learn. Individ. Differ. 2011, 21, 327-336. [CrossRef] [PubMed]

Blair, C.; Raver, C.C. School readiness and self-regulation: A developmental psychobiological approach. Ann. Rev. Psychol. 2015,
66, 711-731. [CrossRef]

Diamond, A.; Ling, D.S. Conclusion about interventions, programs, and approaches for improving executive functions that
appear justified and those that, despite much hype, do not. Dev. Cogn. Neurosci. 2016, 18, 34-48. [CrossRef]

Alesi, M,; Costa, S.; Bianco, A.; Pepi, A. A teacher-led motor programme to enhance pre-literacy and motor skills in kindergarten
children. Eur. |. Dev. Psychol. 2021, 18, 367-381. [CrossRef]

Diamond, A. Executive functions. Ann. Rev. Psychol. 2013, 64, 135-168. [CrossRef] [PubMed]

Carlson, S.M.; Zelazo, P.D.; Faja, S. Executive function. In The Oxford Handbook of Developmental Psychology; Zelazo, P.D., Ed.;
Oxford University Press: New York, NY, USA, 2013; pp. 706-743.

Friedman, N.P,; Miyake, A. Unity and diversity of executive functions: Individual differences as a window on cognitive structure.
Cortex 2017, 86, 186-204. [CrossRef]

Diamond, A. Executive Functions. In Handbook of clinical Neurology; Elsevier: Amsterdam, The Netherlands, 2020; Volume 173, pp.
225-240.

Zhou, Q.; Chen, S.H.; Main, A. Commonalities and differences in the research on children’s effortful control and executive
function: A call for an integrated model of self-regulation. Child Dev. Perspect. 2012, 6, 112-121. [CrossRef]

Holfelder, B.; Klotzbier, T.J.; Eisele, M.; Schott, N. Hot and cool executive functions in elite-and amateur-adolescents athletes from
open and closed skills sports. Front. Psychol. 2020, 11, 694. [CrossRef]

Harms, M.B.; Zayas, V.; Meltzoff, A.N.; Carlson, S.M. Stability of executive function and predictions to adaptive behavior from
middle childhood to pre-adolescence. Front. Psychol. 2014, 5, 331. [CrossRef]

Boelema, S.R.; Harakeh, Z.; Ormel, J.; Hartman, C.A.; Vollebergh, W.A_; van Zandvoort, M.]J. Executive functioning shows
differential maturation from early to late adolescence: Longitudinal findings from a TRAILS study. Neuropsychology 2014, 28, 177.
[CrossRef]

Poon, K. Hot and cool executive functions in adolescence: Development and contributions to important developmental outcomes.
Front. Psychol. 2018, 8, 2311. [CrossRef]

Aberg, M.A; Pedersen, N.L.; Toren, K.; Svartengren, M.; Backstrand, B.; Johnsson, T.; Cooper-Kuhn, C.M.; Aberg, N.D.; Nilsson,
M.; Kuhn, H.G. Cardiovascular fitness is associated with cognition in young adulthood. Proc. Nat. Acad. Sci. USA 2009, 106,
20906-20911. [CrossRef] [PubMed]

Chaddock, L.; Pontifex, M.B.; Hillman, C.H.; Kramer, A.F. A Review of the Relation of Aerobic Fitness and Physical Activity to
Brain Structure and Function in Children. J. Int. Neuropsychol. Soc. 2011, 17, 975-985. [CrossRef]

Chekroud, S.R.; Gueorguieva, R.; Zheutlin, A.B.; Paulus, M.; Krumholz, H.M.; Krystal, ].H.; Chekroud, A.M. Association between
physical exercise and mental health in 1.2 million individuals in the USA between 2011 and 2015: A cross-sectional study. Lancet
Psychiatry 2018, 5, 739-746. [CrossRef]

Chang, E.C.H.; Chu, C.H.; Karageorghis, C.I.; Wang, C.C.; Tsai, ] H.C.; Wang, Y.S.; Chang, Y.K. Relationship between mode of
sport training and general cognitive performance. J. Sport Health Sci. 2017, 6, 89-95. [CrossRef] [PubMed]

Cho, S.Y.; So, W.Y.; Roh, H.T. The effects of taekwondo training on peripheral Neuroplasticity-Related growth factors, cerebral
blood flow velocity, and cognitive functions in healthy children: A randomized controlled trial. Int. |. Environ. Res. Public Health
2017, 14, 454. [CrossRef] [PubMed]

Wang, C.; Chang, C.; Liang, Y.; Shih, C.-M.; Chiu, W.-S.; Tseng, P.; Hung, D.; Tzeng, O.; Muggleton, N.; Juan, C.-H.; et al. Open vs.
closed skill sports and the modulation of inhibitory control. PLoS ONE 2013, 8, €55773. [CrossRef]

Galligan, EE.A. Acquiring skill. In Advanced PE for Edexcel; Bath Press: Bath, UK, 2000; pp. 102-108.

Di Russo, E; Bultrini, A.; Brunelli, S.; Delussu, A.S.; Polidori, L.; Taddei, F.; Traballesi, M.; Spinelli, D. Benefits of sports
participation for executive function in disabled athletes. . Neurotrauma 2010, 27, 2309-2319. [CrossRef]

Dai, C.T,; Chang, Y.K.; Huang, C.J.; Hung, T.M. Exercise mode and executive function in older adults: An ERP study of
task-switching. Brain Cogn. 2013, 83, 153-162. [CrossRef]

Yu, Q.; Chan, C.C.H.; Chau, B.; Fu, A.S.N. Motor skill experience modulates executive control for task switching. Acta Psychol.
2017, 180, 88-97. [CrossRef]


http://doi.org/10.3389/fpsyg.2019.01707
http://doi.org/10.33468/sbsebd.143
http://doi.org/10.2478/hukin-2013-0006
http://doi.org/10.1371/journal.pone.0182845
http://www.ncbi.nlm.nih.gov/pubmed/28817625
http://doi.org/10.1016/j.jecp.2017.10.010
http://doi.org/10.1037/0012-1649.43.4.947
http://doi.org/10.1016/j.lindif.2011.01.007
http://www.ncbi.nlm.nih.gov/pubmed/21845021
http://doi.org/10.1146/annurev-psych-010814-015221
http://doi.org/10.1016/j.dcn.2015.11.005
http://doi.org/10.1080/17405629.2020.1789860
http://doi.org/10.1146/annurev-psych-113011-143750
http://www.ncbi.nlm.nih.gov/pubmed/23020641
http://doi.org/10.1016/j.cortex.2016.04.023
http://doi.org/10.1111/j.1750-8606.2011.00176.x
http://doi.org/10.3389/fpsyg.2020.00694
http://doi.org/10.3389/fpsyg.2014.00331
http://doi.org/10.1037/neu0000049
http://doi.org/10.3389/fpsyg.2017.02311
http://doi.org/10.1073/pnas.0905307106
http://www.ncbi.nlm.nih.gov/pubmed/19948959
http://doi.org/10.1017/S1355617711000567
http://doi.org/10.1016/S2215-0366(18)30227-X
http://doi.org/10.1016/j.jshs.2015.07.007
http://www.ncbi.nlm.nih.gov/pubmed/30356524
http://doi.org/10.3390/ijerph14050454
http://www.ncbi.nlm.nih.gov/pubmed/28441325
http://doi.org/10.1371/journal.pone.0055773
http://doi.org/10.1089/neu.2010.1501
http://doi.org/10.1016/j.bandc.2013.07.007
http://doi.org/10.1016/j.actpsy.2017.08.013

Int. J. Environ. Res. Public Health 2021, 18, 11745 10 of 10

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.
55.

56.
57.

58.

59.

60.

61.

62.

63.

Lo, W.L.A,; Liang, Z.; Li, W.; Lou, S.; Zou, Z.; Chen, S.; Yu, Q. The effect of judo training on set-shifting in school children. BioMed
Res. Int. 2019. [CrossRef]

Mullender-Wijnsma, M.].; Hartman, E.; de Greeff, ] W.; Bosker, R.].; Doolaard, S.; Visscher, C. Improving academic performance of
school-age children by physical activity in the classroom: 1-year program evaluation. J. Sch. Health 2015, 85, 365-371. [CrossRef]
[PubMed]

Reed, ].A.; Einstein, G.; Hahn, E.; Hooker, S.P,; Gross, V.P.; Kravitz, ]. Examining the impact of integrating physical activity on
fluid intelligence and academic performance in an elementary school setting: A preliminary investigation. J. Phys. Act. Health
2010, 7, 343-351. [CrossRef] [PubMed]

Reseland, G.K.; Moe, V.E; Bartholomew, ].B.; Andersen, L.B.; Anderssen, S.A.; Aadland, E. Gener-specific effect of physical
activity on children’s academic performance: The activie smarter kids cluster randomized controlled trial. Prev. Med. 2006, 106,
171-176. [CrossRef]

Puder, J.J.; Marques-Vidal, P; Schindler, C.; Zahner, L.; Niederer, I.; Biirgi, F.; Ebenegger, V.; Nydegger, A.; Kriemler, S. Effect
of multidimensional lifestyle intervention on fitness and adiposity in predominantly migrant preschool children (Ballabeina):
Cluster randomised controlled trial. BMJ 2011, 343, 1-11. [CrossRef] [PubMed]

Alesi, M.; Bianco, A.; Padulo, ].; Vella, EP.; Petrucci, M.; Paoli, A.; Palma, A.; Pepi, A. Motor and cognitive development: The role
of karate. Muscles Ligaments Tendons |. 2014, 4, 114-120. [CrossRef]

Dyer, A.M.; Kristjansson, A.L.; Mann, M.].; Smith, M.L.; Allegrante, ]J.P. Sport participation and academic achievement: A
longitudinal study. Am. J. Health Behav. 2017, 41, 179-185. [CrossRef]

Milligan, K.; Cosme, R.; Miscio, M.W.; Mintz, L.; Hamilton, L.; Cox, M.; Woon, S.; Gage, M.; Phillips, M. Integrating Mindfulness
into Mixed Martial Arts Training to Enhance Academic, Social, and Emotional Outcomes for At-Risk High School Students: A
Qualitative Exploration. Contemp. Sch. Psychol. 2017, 21, 335-346. [CrossRef]

Mavilidi, M.E,; Drew, R.; Morgan, P].; Lubans, D.R.; Schmidt, M.; Riley, N. Effects of different types of classroom physical activity
breaks on children’s on task behaviour, academic achievement and cognition. Acta Paediatr. 2020, 109, 158-165. [CrossRef]
Pinto-Escalona, T.; Gobbi, E.; Valenzuela, P.; Bennett, S.J.; Aschieri, P.; Martin-Loeches, M.; Paoli, A.; Martinez-de-Quel, O. Effect
of a school-based karate intervention on academic achievement, psychological functioning and physical fitness: A multi-country
cluster randomised controlled trial. JSHS 2021, in press.

Mann, D.T.Y.; Williams, A.M.; Ward, P.; Janelle, C.M. Perceptual-Cognitive Expertise in Sport: A Meta-Analysis. J. Sport Exerc.
Psychol. 2007, 29, 457-478. [CrossRef]

Di Nuovo, S. Attenzione e Concentrazione; Erickson: Trento, Italy, 2001.

Shallice, T. Specific impairments of planning. Philosophical Transactions of the Royal Society of London. Biology 1982, 298,
199-209. [CrossRef]

Bechara, A.; Damasio, A.R.; Damasio, H.; Anderson, S.W. Insensitivity to future consequences following damage to human
prefrontal cortex. Cognition 1994, 50, 7-15. [CrossRef]

Bisacchi, P.S.; Cendron, M.; Gugliotta, M.; Tressoldi, P.E.; Vio, C. BVN 5-11—Batteria di Valutazione Neuropsicologica per I'eta
Evolutive; Erickson: Trento, Italy, 2005.

Gugliotta, M.; Bisiacchi, P.S.; Cendron, M.; Tressoldi, P.E.; Vio, C. BVN 12-18, Batteria di Valutazione Neuropsicologica per I'adolescenza;
Erickson: Trento, Italy, 2019.

Lezak, M.D. Neuropsychological Assessment, 3rd ed.; Oxford University Press: New York, NY, USA, 1995.

Best, J.R. Effects of physical activity on children’s executive function: Contributions of experimental research on aerobic exercise.
Dev. Rev. 2010, 30, 331-551. [CrossRef] [PubMed]

Nanay, B. Attention and perceptual content. Analysis 2010, 70, 263—-270. [CrossRef]

Singh, A.S.; Saliasi, E.; van den Berg, V.; Uijtdewilligen, L.; de Groot, R.H.M.; Jolles, ].; Andersen, L.B.; Bailey, R.; Chang, Y.K.;
Diamond, A.; et al. Effects of physical activity interventions on cognitive and academic performance in children and adolescents:
A novel combination of a systematic review and recommendations from an expert panel. Br. . Sport Med. 2018, 53, 640-647.
[CrossRef] [PubMed]

Egger, F.; Benzing, V.; Conzelmann, A.; Schmidt, M. Boost your brain, while having a break! The effects of long-term cognitively
engaging physical activity breaks on children’s executive functions and academic achievement. PLoS ONE 2019, 14, e0212482.
[CrossRef]

Georgios, Z. Image evaluation of karate athletes. . Phys. Educ. Sport 2016, 16, 850. [CrossRef]

Sommerville, J.A.; Decety, J. Weaving the fabric of social interaction: Articulating developmental psychology and cognitive
neuroscience in the domain of motor cognition. Psychon. Bull. Rev. 2006, 13, 179-200. [CrossRef] [PubMed]

Diamond, A. Effects of Physical Exercise on Executive Functions: Going beyond Simply Moving to Moving with Thought. Ann.
Sports Med. Res. 2015, 2, 1011. [PubMed]

Quick, S.; Simon, A.; Thornton, A. PE and School Sport Survey 2009/10; 2010. Available online: http://www.afpe.org.uk/
physical-education/wp-content/uploads/PE_Sport_Survey_Research.pdf (accessed on 29 September 2021).

Youth Sport Trust. Welcome Pack for School Sport Coordinators; Youth Sport Trust: Loughborough, UK, 2005.


http://doi.org/10.1155/2019/2572016
http://doi.org/10.1111/josh.12259
http://www.ncbi.nlm.nih.gov/pubmed/25877433
http://doi.org/10.1123/jpah.7.3.343
http://www.ncbi.nlm.nih.gov/pubmed/20551490
http://doi.org/10.1016/j.ypmed.2017.10.034
http://doi.org/10.1136/bmj.d6195
http://www.ncbi.nlm.nih.gov/pubmed/21998346
http://doi.org/10.32098/mltj.02.2014.04
http://doi.org/10.5993/AJHB.41.2.9
http://doi.org/10.1007/s40688-017-0142-1
http://doi.org/10.1111/apa.14892
http://doi.org/10.1123/jsep.29.4.457
http://doi.org/10.1098/rstb.1982.0082
http://doi.org/10.1016/0010-0277(94)90018-3
http://doi.org/10.1016/j.dr.2010.08.001
http://www.ncbi.nlm.nih.gov/pubmed/21818169
http://doi.org/10.1093/analys/anp165
http://doi.org/10.1136/bjsports-2017-098136
http://www.ncbi.nlm.nih.gov/pubmed/30061304
http://doi.org/10.1371/journal.pone.0212482
http://doi.org/10.7752/jpes.2016.03134
http://doi.org/10.3758/BF03193831
http://www.ncbi.nlm.nih.gov/pubmed/16892982
http://www.ncbi.nlm.nih.gov/pubmed/26000340
http://www.afpe.org.uk/physical-education/wp-content/uploads/PE_Sport_Survey_Research.pdf
http://www.afpe.org.uk/physical-education/wp-content/uploads/PE_Sport_Survey_Research.pdf

	Introduction 
	Materials & Methods 
	Participants 
	Design 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

