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Abstract: Childhood is an important and sensitive period for cognitive development. There is limited
published research regarding the relationship between sports and cognitive functions in children.
We present studies that demonstrate the influence of physical activity on health, especially a positive
correlation between sports and cognitive functions. The keywords “children, cognition, cognitive
function, physical activity, and brain” were searched for using PsycInfo, Medline, and Google Scholar,
with publication dates ranging from January 2000 to November 2017. Of the 617 results, 58 articles
strictly connected to the main topics of physical activity and cognitive functioning were then reviewed.
The areas of attention, thinking, language, learning, and memory were analyzed relative to sports
and childhood. Results suggest that engaging in sports in late childhood positively influences
cognitive and emotional functions. There is a paucity of publications that investigate the impact of
sports on pre-adolescents’ cognitive functions, or explore which cognitive functions are developed
by which sporting disciplines. Such knowledge would be useful in developing training programs
for pre-adolescents, aimed at improving cognitive functions that may guide both researchers and
practitioners relative to the wide range of benefits that result from physical activity.
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1. Introduction

In recent years, there has been a shift in the lifestyles of various age-groups, including children,
especially in their late childhood. Unlike children a few decades ago, children today are leading
increasingly sedentary lifestyles that involve time spent on computers and watching TV. This lifestyle
leads them to neglect the physical activity that has been typical to this developmental period [1,2].
In times when children are less active, the significance of studies on the positive impact of sport on
physical health, mental health, and cognitive functioning, is critical [3-7]. The aim of such research
is to raise awareness of the gravity of the problem, as well as to create a holistic health program that
promotes being physically active in different contexts, including with family and in school [8].

Limited physical activity, or often a complete lack thereof, leads to various health problems,
including posture problems (such as idiopathic scoliosis), somatic conditions, being overweight and
obese, problems with circulation, and even premature death [6,9-12]. There is increasing empirical
evidence of a relationship between a lack of physical activity and mental health measures. For instance,
research suggests that overweight adolescents who do not practice sports are more prone to risk
behaviors, including suicide attempts and addiction to both alcohol and illicit drugs [13,14].

The guidelines referring to physical activity in a report from the National Association for Sport
and Physical Education [2] emphasize that children should spend as much time as possible engaging
in activities that require physical movement. The World Health Organization and Fonds Gesundes
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Osterreich [15] further specify guidelines indicating that children should devote at least 60 min a day to
physical activity (such as going to school on foot, walking up-stairs, and cycling). Moreover, children
should strengthen their muscles and bones with strength training at least two to three times a week [16].
The argument has been made that children who do not do physical exercise will never fully develop
their genetic potential in terms of motor skills [17].

It has been shown that engaging in sports is a protective factor against somatic illnesses and
pathological behaviors [18,19]. Sport provides an equilibrium between group demands and individual
demands, between aggressive behaviors and self-control. It fosters a sense of belonging to a group,
and teaches coping with both victory and defeat [20]. Increased susceptibility to risk behaviors among
adolescents is associated with a not-yet-mature cognitive-control system, which is responsible for
impulses associated with engaging in risk behaviors [21]. Regular physical activity also leads to
better circulation and oxygen supply to the brain, an increase in bone and muscle density, and greater
tolerance of stress [15]. Figure 1 [22] presents the relation between policy, environment, organizational,
interpersonal, and intrapersonal factors that affect the undertaking of various types of sports activities,
and the physical, psychological, and social benefits brought about by doing sport.
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Figure 1. A conceptual model of Health through Sport. Source: Eime, et al. [22].

Although it is evident that physical activity is related to physical and mental health [23],
the relation between physical activity and cognitive functioning requires further study. Cognitive
functions include: memory, attention, visual-spatial, and executive functions, while complex cognitive
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processes include: thinking (abstract, cause and effect, creative thinking, and planning) and language
functions [24]. Despite the importance of this issue, few studies are concerned with the relationship
between sports and cognitive functioning of children in late childhood [25], and research to date
(unfortunately not free of errors in sampling) provides contradictory results regarding the influence of
sports on cognitive functions in children. Some report that sports have a positive influence [3,26-29],
particularly on executive functions, which develop intensively in this period [28,30], as well as
mention the positive impact of regular and irregular exercises which lead to an increase in the level of
oxyhemoglobin that facilitates the operation of executive functions for up to 30 minutes [31]. Others,
however, do not confirm this positive influence of physical activity on cognitive functioning [32,33].

2. Methods

This review was conducted using Ebsco Information Services (https://www.ebsco.com/,
EBSCO Industries, Inc.) to access two electronic databases (PsycInfo and Medline), as well as Google
Scholar. The search focused on articles published from January 2000 until November 2017. Keywords
applied in the search were: children, cognition, cognitive function, physical activity, and brain. A total
of 617 articles met these original criteria. Articles included some systematic reviews, but were mostly
original research. These articles were further assessed, and only those that emphasized the disciplines
related to the research topic (psychology, sport, medicine) were included in the final sample. A total of
58 articles were then reviewed, given that many of the articles that emerged in the initial search were
connected to attention deficit hyperactivity disorder (ADHD) and disability, rather than physical
activity and cognition. Such articles were excluded from the sample. Other publications were
referenced to introduce the problem and to discuss its background in the neuropsychological context.

3. Results

The following subtopics were examined in the articles that emerged in our review: attention,
thinking, language, learning, and memory. Below, we highlight some of the most important findings
relative to each of the subtopics, followed by a model that outlines the influence of sport on physical,
mental, and social resources.

3.1. Attention

The ability to focus attention is improved among children who participate in physical
activities [34-36]. Cross-sectional studies suggest that with regards to cognitive flexibility and operational
memory, the regularity and intensity of physical activity in children aged 13-14 years positively affects
their ability to focus attention on a given task [37]. This effect is especially noticeable after the third hour
of classroom lessons; the time at which processes related to attention and focus on a given task tend
to deteriorate. Students who regularly do sports are also calmer during lessons [15]. Some researchers
indicate the lack of connection between mental activity and shifting attention or flexibility of attention.
They also emphasize that there is a significant deterioration of these functions among individuals who
spend too much time in front of the computer screen and playing too many computer games, as defined
by self-reports and objective measures [38]. They also stress that children who do some form of sport
(e.g., karate) function better than those who prefer passive activity. This result is observed through better
speed times and visual selective attention than in the case of children with a sedentary lifestyle [39].

Studies have also been conducted that focus on physical activity outside of class-time or school
settings. These studies revealed that physical activity in non-school contexts enhances selective
attention, in contrast to passive activities in non-school contexts [40]. Some studies revealed the
positive impact of sport, specifically on executive functions [27,28,36], which develop intensively in
the period of late childhood [4,28,39]. Research using various kinds of intervention trials confirms
the beneficial influence of physical activity on attention. Even a 12 min session of aerobic exercise
improved the selective attention of children [41]. Research has also demonstrated the positive impact
of exercise, both regular and irregular, which leads to an increase in the level of oxyhemoglobin,
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facilitating the operation of executive functions for up to 30 min [31]. At the same time, the unfavorable
influence of lack of physical activity on cognitive functioning is reported. It has been found that there
is a negative impact of time spent in front of the computer screen on executive functions as related to
inhibition [36].

It was also found that children who engaged in physical activity demonstrated better executive
functions in terms of inhibition [5,35] and better planning abilities [42] than children who did not
engage in any physical activity. Studies conducted with children aged 8-9 years confirmed that sport
influences changes in the right anterior prefrontal cortex, which are related to cognitive control [43].
The findings suggest, that plan-structured sport activities, for example tennis play, are associated with
the development of inhibitory control. Although the development of inhibitory control and cognitive
flexibility is slower in males than in females, the association between tennis play and inhibitory
control and cognitive flexibility appears to be larger in males [44]. Additionally, playing football
has a positive influence on executive functioning, including attention, in children [45]. In the case
of attention, correlational and associational studies showed much weaker effects than studies which
included interventions.

3.2. Thinking

“Thinking” is operationalized in this context as abstract thinking, conceptualizing cause-and-effect,
creative thinking, and planning. Few studies have investigated the relation between physical activity
and thinking. Children who participate in organized sport activities have been found to demonstrate
a lower level of creativity as adults when compared to individuals participating in non-organized sport
activities [46].

Apart from cross-sectional studies, a small number of studies with interventions were also
conducted. Planning processes in children who attended a Football Exercise Program for at least six
months were more developed in comparison to a control group of sedentary peers [45]. As in the case
of attention, correlational and associational studies on thinking also showed much weaker effects than
studies which included interventions.

3.3. Language

As in the case of attention and thinking, some of the previous research on the relationship between
and influence of physical activity on speech was of a cross-sectional character and some involved an
intervention. The results, independently of whether they show a relationship or an influence, indicate
the positive role of physical activity in the development of speech.

Longitudinal research by Trudeau and Shephard [47] found a positive correlation between the
number of hours devoted to sport and school grades. Children who devoted more time to sports were
found to have significantly better grades [48]. Research by Carlson et al. [49] showed that girls who
engage in sport for at least one hour per week had significantly better results in math and reading than
girls who did not do at least one hour of sport. This relationship was not found to hold for boys in
this study.

In studies involving interventions, a positive correlation has been demonstrated among
German-speaking students when English lessons and sports activities were combined. This method of
teaching improved the students” English language grades [50]. Other studies highlight the positive
impact of physical activity on the development of a broader lexical network and the comprehension
of the meaning of words, as well as a greater ability to detect syntactic errors [34,35], and spelling
performance [51]. In addition, sport was found to positively affect language understanding among
primary school students [52].

Some authors report an association between physical activity and better grades at school [32,53].
Achieving better learning results is closely related to better executive functioning. Executive functions
are of great importance for success in school and for the emotional development of children and
adolescents [54]. They can be improved through both physical and cognitive training [54], such as
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computer training, games, or aerobics. According to some authors [55,56], aerobic activities have the
most significant influence on executive functions, which control other cognitive functions [57-59].
Martial arts, yoga, and mindfulness training also stimulate the development of executive functions [60].
A training program can be called effective if it gradually increases the level of difficulty, leading to
a satisfactory final effect [60]. Moreover, in order to achieve success in this area, one should develop
the following aspects of executive functions: creativity, flexibility, self-control, and discipline.

As in the case of attention and thinking, correlational and associational studies on language and
cognitive function also showed much weaker effects than studies which included interventions.

Changes in brain activity patterns associated with physical activity have also been observed in
children [53]. Neuroimaging studies have revealed that 12-year-olds who were members of a dance
group had higher somatosensory cortex activity [61]. However, in a study by Bunketorp Kaill et al. [62]
which was concerned with the hippocampal structures, no significant differences were observed. Some
studies even indicate that physical activity before completing a task requiring decision making impacts
more positively on its completion than passive activities (such as watching TV) before the task [25].

3.4. Learning and Memory

A decided majority of studies in this domain were based on different types of intervention
trials. Previous research suggests that, overall, children who are more fit were found to have
greater basal ganglia and hippocampus capacities [63]. These areas are associated with cognitive
control and memory [43,63]. Among children aged 3-5 years, increased physical activity was found
to improve their cognitive functions, especially in the area of working memory [64]. A similar
improvement was observed in children who trained in karate [39]. A positive correlation was found
between physical activity and better working memory among children aged 8-12 years [4,36,65,66].
Studies conducted by Kubesch et al. [37] demonstrated that the intensity of physical activity in
children aged 12-14 years positively affected cognitive flexibility and operational memory. Similar
results from Ishihara et al. [44] and Alesi et al. [45] found that tennis and football are associated
with the development of working memory. In addition, physical activity is said to have a positive
impact on visuospatial (V-S) memory [40,45]. Classroom-based physical activity (a 10-min bout of
aerobic physical activity integrated with math practice) improved both physical activity levels and
academic achievement. Results showed that among overweight children, physical activity improved
performance in the Standard Flanker test by preventing the decline associated with seated practice [67].
Some results [68] suggest that game-based tennis lessons have beneficial effects on inhibitory control
and physical fitness levels, and a longer duration of coordination training is associated with better
working memory.

Research done by Mavilidi et al. [69] and Toumpaniari et al. [70] indicated that integrated
physical exercises and gestures in preschool children achieved the best foreign language vocabulary
learning outcomes.

3.5. Model

Taking the aforementioned results into consideration, most studies in this review indicate that
physical activity is important for their physical resources (e.g., physical fitness, motor skills) of
children in late childhood, for their mental resources (including cognitive functioning and executive
functions, which are of special interest to us: motivation, ability to set goals, self-control, and emotional
functioning), and for their social resources (e.g., social support, fostering positive values, and etiquette).
These results are relevant independent of whether the physical activity is unorganized free play or
organized activity, such as for a sports club and school activities. The following model, demonstrated
in Figure 2, was developed to outline the influence of sports on physical, mental, and social resources.
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A model of the influence of sports on physical, mental and social resources.
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Figure 2. A model of the influence of sport on physical, mental, and social resources. The model was
developed by the authors based on: McMorris, et al. [49], Diehl, et al. [71].

4. Discussion

Key findings of most studies included in this review indicate that children’s engagement in
physical activity may be associated with changes to certain brain structures, leading to an improvement
in memory function (working memory in particular), as well as cognitive control. Independent of the
children’s age category (early, mid, or late childhood), increased physical activity has been shown
to improve cognitive function, especially in regard to working memory, V-S memory, and cognitive
flexibility [36,37,39,65,66]. Moreover, research suggests that physical activity positively influences
verbal functions, which facilitates the learning of words in a new language, leading to richer networks
of words and their meanings, and also improves spelling performance, language understanding,
and the detection of syntactic errors.

4.1. Late Childhood Period and Brain Development

The basic development of motor, cognitive, and social skills, which are crucial in further
development, is already taking place in early and mid-childhood [72]. As such, studies that concern
children in late childhood, whose executive functions are largely developed, are of special importance.
The most intensive development of all components of executive functions, especially cognitive
flexibility, happens at school age, usually between 7 and 12 years of age. Cognitive flexibility requires
simultaneous inhibition of a dominant reaction, along with the remembering and activation of a new
one, ie.:

1. the efficient functioning of working memory, responsible for temporary storage of information to
be processed, which contributes to the formation of complex cognitive functions, such as speech
and operations on symbols; working memory assists in memorizing instructions and stages of
plans of actions, as well as comparing alternatives; and

2. the efficient functioning of inhibition control, i.e., the ability to refrain from impulsive behavior,
keep one’s attention focused, and pursue goals despite distractions, which also conditions stability
and selectiveness of attention [73].

Late childhood (pre-adolescence) occurs at the age of 10-12 years. During this period, children
undergo a number of biological, mental, and social changes [74-76]. The greatest development of
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frontal and temporal lobe gyri tends to occur before the age of 12 years [77]. The brain matures
and develops very rapidly at this time, which in turn makes it particularly prone to environmental
influences (both positive and negative). Recent research indicates that the increase of cognitive abilities
of children and adolescents co-occurs with a decrease of grey matter density, which is caused by
the loss of some synapses and the simultaneous strengthening of others [78]. Grey matter density
peaks, and then decreases, approximately half way through the 11th year of age in girls (still in
late-childhood), and approximately the 14th year of age in boys (already in adolescence) [78]. At the
same time, white matter content in the brain increases, which is associated with cell myelination
processes and increasing the efficiency of impulse conduction. This intense development and brain
maturation also translates to limbic system functioning, which, in this period, is particularly sensitive
to information from the environment [78]. It is worth noting that this is a period in which brain
plasticity increases, which on one hand can help in seeking solutions to new challenges, but on the
other, it is responsible for helplessness because it may underlie the sensitivity to all kinds of stress and
toxic substances in the environment [79-81].

The synapses in the frontal cortex also become less dense in childhood. Moreover, there are changes
in the electric activity of the brain, and an increase in the frequencies of fast brainwaves—around the
age of 8-10 years, 6-9 Hz waves increase to 8-11 Hz [82]. Adaptation to changes in both the internal
and the external environment is an ability that is possible due to the brain’s neuronal plasticity [78,83].
The brain’s plasticity allows an individual to acquire new skills and competences [78,83,84]. Researchers
tend to agree that the highest plasticity of the brain occurs in childhood, and subsequently gradually
decreases [84]. Brain development in pre-adolescence is 90% genetically determined. Gender differences
between boys and girls have been reported with regards to the volumes of structures, such as the
hippocampus or subcortical structures of white matter (e.g., corpus callosum), which are bigger in
girls [78]. Functional activity studies show higher activity in the dorsolateral areas of the prefrontal
cortex than among adults [83]. Pre-adolescence is associated with changes in brain structures and
functioning in terms of executive functions, as well as rational memory [84,85]. Moreover, in late
childhood, the level of hypothetical-deductive (formal) thinking increases, which allows for logical
thinking and the forming of judgments [78,85].

4.2. Physical Activity in Childhood and Cognitive Functioning

In childhood, especially in late childhood, participation in physical activity is particularly
important. A lack of physical activity in childhood can lead to limited perception and developmental
disorders [86]. In addition, the period of late childhood is the time when motor skills develop the most
dynamically [17], as well as cognitive functions, especially executive ones, which mature around the
age of 12 years [87]. Executive functions allow one to engage in a situation through planning a given
action, as well as to inhibit or postpone a given reaction [88,89]. Their efficient operation is associated
with neuronal activity in the frontal lobes, especially in the dorsolateral prefrontal cortex, anterior
cingulate cortex, parietal cortex, and subcortical structures, such as the thalamus, caudate nucleus,
putamen, and cerebellum [88,89].

Physical exercise increases circulation, which leads to better oxygen supply to the brain, as well
as providing the brain with nutrients [90-92]. Engaging in sports has a positive influence on all
systems: the motor, cardiovascular, respiratory, hormonal, immunologic, and nervous systems. Thus,
it stimulates the maturation of the motor areas in the brain, which in turn influences the motoric
development and increases the speed of the conductance of nervous impulses [30,45,91-94]. Physical
activity also stimulates the increase of neurohormonal secretion (substances produced by hypothalamic
neurons and transported by blood or cerebrospinal fluid), having a significant impact on the excitability
of neurons forming synapses [90]. School-age children who devote at least an hour each day to intensive
physical activity show much better cognitive functioning, and researchers emphasize that, despite
these unquestionable benefits, only about a third of children regularly engage in sports [95,96].
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4.3. Limitations

The limitations of this review include the few available studies dedicated to the topic of interest,
the small groups of participants taking part in these studies, a lack of cultural balance in these groups,
and differences in methods, as well as the quality of reporting in the referenced studies. The number
of high quality studies was relatively small. In these publications, results were reported in different
formats (for example, raw scores, subscales, total scores). Several papers were identified and referenced
as background literature; however, the majority of these studies duplicated work in the primary
references and no additional studies were identified for potential inclusion in this review. Publications
usually reported on only one component of cognitive functioning—e.g., only executive functions,
attention, or memory. Indeed, there was a lack of comprehensive reports. Additionally, while some
studies included information about the participants” cognitive skills, many did not. Furthermore,
there were no studies comparing children in different age groups. All publications referred only to
early, mid, or late childhood. Finally, no studies explored how different types of physical activity or
sports may differently influence children’s cognitive functioning.

Some of the conducted studies are of a cross-sectional character [34,35,38,39,42,44,46,52,61,63,68]
and some include interventions of various kinds [4,5,15,16,31,32,37,40,41,43,45,50,51,57,60,62,64—67,69,70].
While this does not influence the direction of the results, it does impact things such as the effect size or
the correlation coefficients. Notably, almost all studies indicate that the interventions (of various kinds,
e.g., a short physical activity break, aerobic exercise, or afterschool physical activity program) are effective
(with the exception of two studies, which do not confirm this positive influence of physical activity on
cognitive functioning [31,32]), which is implied by the fact that the relationship between the physical
activity and cognitive functioning (independently of its dimension) is stronger, and the effect size is
larger. Both in cases of attention and thinking, as well as language, correlation/association with cognitive
functioning were much weaker than the effect of interventions.

Due to the fact that too few studies use any particular type of intervention, it was impossible to
make detailed comparisons between different types of interventions. Additionally, some researchers
concentrated only on one domain of cognitive functioning, and others on a few selected ones or on all
of them.

4.4. Implications for Research and Practice

Taking into account the limitations of the research to date, it would be worthwhile to conduct
longitudinal studies of various, well-differentiated age groups (pre-school: 2/3-5/6 years, early
school age: 8/9-11/12 years, early puberty: 11/12-14/14 years, and late puberty: 14/15-19/20 years).
Furthermore, late childhood and adolescence constitute a sensitive period for cognitive development.
As such, research should take care to appropriately distinguish various periods of adolescence,
specifically late childhood, pre-adolescence, early adolescence, and adolescence. Well-organized
measures are extremely helpful. Future research should also pay attention to the types of physical
activity one engages in, and how different activities may differently influence cognitive functioning.
Research should compare physically active groups with cognitively active groups—e.g., those engaging
in various types of physical activity, and those playing musical instruments; not just those who are
physically active compared to those with a sedentary lifestyle. Moreover, an optimal approach
would be to take into account all cognitive functions in one study, instead of selecting only one,
or a limited number.

Due to the small number of studies solely concerned with the influence of physical activity on the
development of cognitive functions, it would be worthwhile to also undertake research focusing on
how factors unique to sports influence the development of a child’s cognitive functions.
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5. Conclusions

The literature indicates that efficient cognitive functioning in pre-adolescents requires not only
an adequate intelligence quotient (IQ), but also high levels of executive function development
(such as motivation, the ability to set goals, and self-control), which is fostered by engaging in
sport. Of course, other activities undertaken by children, such as playing a musical instrument [45,97],
are also associated with cognitive functioning, but physical activity, as the most natural for children of
that age, is most desirable.

Results suggest that it is worthwhile to engage in sports in late childhood because it positively
influences cognitive and emotional functions. Yet few studies have investigated the impact of sports
on pre-adolescents’ cognitive functions or explored which cognitive functions are developed by
which sporting disciplines. Such knowledge could be useful in developing training programs for
preadolescents, aimed at improving cognitive functions important for a given sporting discipline.

Acknowledgments: The Faculty of Social Science of University of Gdansk covered the costs of publishing in
open access.

Author Contributions: Ilona Bidzan-Bluma and Matgorzata Lipowska prepared the manuscript.

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

References

1. Graf, C.; Koch, B,; Klippel, S.; Buttner, S.; Coburger, S.; Christ, H.; Lehmacher, W.; Bjarnason-Wehrens, B.;
Platen, P.; Hollmann, W.; et al. Zusammenhange zwischen korperlicher Aktivitat und und Konzentration
im Kindesalter—Eingangsergebnisse des CHILT—Projektes. [Relationship between physical activity and
concentration in childhood—Initial results of the CHILT project]. Dtsch. Z. Sportmed. 2003, 54, 242-246.

2. Graf, C. Aktiv in jedem Alter—Sport und Erndhrung in den verschiedenen Lebensphasen: Kinder [Active at
any age—Sports and nutrition in various stages of life: Children]. Aktuel Ernahrungsmed 2016, 41, 32-34.

3.  Cox, E.P; O'Dwyer, N.; Cook, R.; Vetter, M.; Cheng, H.L.; Rooney, K.; O’Connor, H. Relationship between
physical activity and cognitive function in apparently healthy young to middle-aged adults: A systematic
review. J. Sci. Med. Sport 2016, 19, 616-628. [CrossRef] [PubMed]

4. De Greeff, ].W.; Bosker, R.].; Oosterlaan, ].; Visscher, C.; Hartman, E. Effects of physical activity on executive
functions, attention and academic performance in preadolescent children: A meta-analysis. J. Sci. Med. Sport
2018, 21, 501-507. [CrossRef] [PubMed]

5. Hillman, C.H.; Pontifex, M.B.; Castelli, D.M.; Khan, N.A.; Raine, L.B.; Scudder, M.R.; Drollette, E.S.;
Moore, R.D.; Wu, C.T.; Kamijo, K. Effects of the FITKids randomized controlled trial on executive control
and brain function. Pediatrics 2014, 134, e1063-e1071. [CrossRef] [PubMed]

6.  Hillman, C.H.; Schott, N. Der zusammenhang von fitness, kognitiver leistungsfahigkeit und gehirnzustand
im schulkindalter. Konsequenzen fiir die schulische leistungsfahigkeit [Fitness and cognitive performance
in childhood]. Z. Sportpsychol. 2015, 20, 33—41. [CrossRef]

7. Okely, T.; Howard, S.; Cliff, D.; Reilly, J.; Jones, R.; Janssen, X. Relationships between standing and stepping
time and executive functions in children aged 3-5 years. J. Sci. Med. Sport 2014, 18, €39. [CrossRef]

8.  Buschmann, C. Einfluss von Zusitzlichen Bewegungsprogrammen auf die Motorische und Kognitive
Leistungsfihigkeit bei Grundschulkindern. Projekt “Klasse in Sport—Initiative fiir Tiglichen Schulsport”; Staats-
und Universitdtsbibliothek Hamburg: Hamburg, Germany, 2014; p. 201S.

9.  Hillman, C.H.; Erickson, K.I.; Kramer, A.F. Be smart, exercise your heart: Exercise effects on brain and
cognition. Nat. Rev. Neurosci. 2008, 9, 58-65. [CrossRef] [PubMed]

10. Kohl, HW,; Craig, C.L.; Lambert, E.V.; Inoue, S.; Alkandari, J.R.; Leetongin, G.; Kahlmeier, S. The pandemic
of physical inactivity: Global action for public health. Lancet 2012, 380, 294-305. [CrossRef]

11. Lipowski, M.; Bulinski, L.; Krawczynski, M. Physical activities among other types of health-related behaviour
in people losing weight. Med. Sci. Monit. 2009, 15, CR423-CR428. [PubMed]

12.  Lipowski, M.; Zaleski, Z. Inventory of Physical Activity Objectives—A new method of measuring motives
for physical activity and sport. Health Psychol. Rep. 2015, 3, 47-58. [CrossRef]

13.  Kubesch, S. Sportunterricht: Training fiir Kérper und Geist. Nervenheilkunde 2002, 21, 481.


http://dx.doi.org/10.1016/j.jsams.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26552574
http://dx.doi.org/10.1016/j.jsams.2017.09.595
http://www.ncbi.nlm.nih.gov/pubmed/29054748
http://dx.doi.org/10.1542/peds.2013-3219
http://www.ncbi.nlm.nih.gov/pubmed/25266425
http://dx.doi.org/10.1026/1612-5010/a000085
http://dx.doi.org/10.1016/j.jsams.2014.11.231
http://dx.doi.org/10.1038/nrn2298
http://www.ncbi.nlm.nih.gov/pubmed/18094706
http://dx.doi.org/10.1016/S0140-6736(12)60898-8
http://www.ncbi.nlm.nih.gov/pubmed/19644420
http://dx.doi.org/10.5114/hpr.2015.49462

Int. J. Environ. Res. Public Health 2018, 15, 800 10 of 13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lipowski, M.; Lipowska, M.; Jochimek, M.; Krokosz, D. Resiliency as a factor protecting youths from risky
behaviour: Moderating effects of gender and sport. Eur. J. Sport Sci. 2016, 16, 246-255. [CrossRef]
Frischenschlager, E.; Gosch, J. Active Learning—Leichter lernen durch Bewegung. [Active Learning—Easier
learning through physical activity]. Erzieh. Unterr. 2012, 162, 131-137.

Bullock, S.H.; Jones, B.H.; Gilchrist, J.; Marshall, SW. Prevention of physical training-related injuries
recommendations for the military and other active populations based on expedited systematic reviews.
Am. ]. Prev. Med. 2010, 38, S156-S181. [CrossRef]

Myer, G.D.; Faigenbaum, A.D.; Edwards, N.M.; Clark, J.F,; Best, T.M.; Sallis, R.E. Sixty minutes of what?
A developing brain perspective for activating children with an integrative exercise approach. Br. J. Sports Med.
2015, 49, 1510-1516. [CrossRef] [PubMed]

Bobrowski, K. Czas wolny a zachowania ryzykowne mlodziezy [Free time and risk behaviours in
adolescents]. Alkohol. Narkom. 2007, 20, 267-287.

Ostaszewski, K.; Rustecka-Krawczyk, A.; Wéjcik, M. Czynniki Ochronne i Czynniki Ryzyka Zwiqzane z
Zachowaniami Problemowymi Warszawskich Gimnazjalistow [Protective and Risk Factors Associated with Problem
Behaviours in Warsaw Middle School Students]; Instytut Psychiatrii i Neurologii: Warsaw, Poland, 2009.
Spence, D. A sporting chance. BM]J 2006, 332, 675. [CrossRef]

Steinberg, L. Risk Taking in Adolescence: New Perspectives from Brain and Behavioral Science. Curr. Dir.
Psychol. Sci. 2007, 16, 55-59. [CrossRef]

Eime, RM.; Young, J.A; Harvey, ].T.; Charity, M.].; Payne, W.R. A systematic review of the psychological and
social benefits of participation in sport for children and adolescents: Informing development of a conceptual
model of health through sport. Int. J. Behav. Nutr. Phys. Act. 2013, 10, 98. [CrossRef] [PubMed]

Fedewa, A.; Cornelius, C.; Ahn, S. The use of bicycle workstations to increase physical activity in secondary
classrooms. Health Psychol. Rep. 2018, 6, 60-74. [CrossRef]

Evans, J.J. Basic concepts and principles of neuropsychological assessment. In Handbook of Clinical
Neuropsychology; Halligan, PW., Kischka, U., Marshall, J.C., Eds.; University Press: Oxford, UK, 2003; pp. 15-26.
Ellemberg, D.; St-Louis-Deschénes, M. The effect of acute physical exercise on cognitive function during
development. Psychol. Sport Exerc. 2010, 11, 122-126. [CrossRef]

Carson, V.; Hunter, S.; Kuzik, N.; Wiebe, S.A.; Spence, ].C.; Friedman, A.; Tremblay, M.S.; Slater, L.; Hinkley, T.
Systematic review of physical activity and cognitive development in early childhood. J. Sci. Med. Sport 2016,
19, 573-578. [CrossRef] [PubMed]

Hinkle, J.S.; Tuckman, B.W.; Sampson, J.P. The psychology, physiology, and creativity of middle school
aerobic exercisers. Elem. Sch. Guidance Couns. 1993, 28, 133-145.

Schulz, K.H.; Meyer, A.; Langguth, N. Korperliche Aktivitdt und psychische Gesundheit [Physical activity
and mental health]. Bundesgesundheitsblatt Gesundh. Gesundheitsschutz 2012, 55, 55-65. [CrossRef] [PubMed]
Tuckman, B.W.; Hinkle, J.S. An experimental study of the physical and psychological effects of aerobic
exercise on schoolchildren. Health Psychol. 1986, 5, 197-207. [CrossRef] [PubMed]

Van der Fels, LM.].; Te Wierike, S.C.M.; Hartman, E.; Elferink-Gemser, M.T.; Smith, ]J.; Visscher, C.
The relationship between motor skills and cognitive skills in 4-16 year old typically developing children:
A systematic review. . Sci. Med. Sport 2015, 18, 697-703. [CrossRef] [PubMed]

Lambrick, D.; Stoner, L.; Grigg, R.; Faulkner, ]. Effects of continuous and intermittent exercise on executive
function in children aged 8-10 years. Psychophysiology 2016, 53, 1335-1342. [CrossRef] [PubMed]

Ahamed, Y.; Macdonald, H.; Reed, K.; Naylor, PJ.; Liu-Ambrose, T.; McKay, H. School-Based Physical
Activity Does Not Compromise Children’s Academic Perlormance. Med. Sci. Sports Exerc. 2007, 39, 371-376.
[CrossRef] [PubMed]

Zervas, Y.; Danis, A.; Klissouras, V. Influence of physical exertion on mental performance with reference to
training. Percept. Mot. Skills 1991, 72, 1215-1221. [CrossRef] [PubMed]

Scudder, M.R.; Lambourne, K.; Drollette, E.S.; Herrmann, S.D.; Washburn, R.A.; Donnelly, J.E.; Hillman, C.H.
Aerobic capacity and cognitive control in elementary school-age children. Med. Sci. Sports Exerc. 2014, 46,
1025-1035. [CrossRef] [PubMed]

Scudder, M.R.; Federmeier, K.D.; Raine, L.B.; Direito, A.; Boyd, ].K.; Hillman, C.H. The association between
aerobic fitness and language processing in children: Implications for academic achievement. Brain Cognit.
2014, 87, 140-152. [CrossRef] [PubMed]


http://dx.doi.org/10.1080/17461391.2015.1024755
http://dx.doi.org/10.1016/j.amepre.2009.10.023
http://dx.doi.org/10.1136/bjsports-2014-093661
http://www.ncbi.nlm.nih.gov/pubmed/25617423
http://dx.doi.org/10.1136/bmj.332.7542.675-a
http://dx.doi.org/10.1111/j.1467-8721.2007.00475.x
http://dx.doi.org/10.1186/1479-5868-10-98
http://www.ncbi.nlm.nih.gov/pubmed/23945179
http://dx.doi.org/10.5114/hpr.2018.71211
http://dx.doi.org/10.1016/j.psychsport.2009.09.006
http://dx.doi.org/10.1016/j.jsams.2015.07.011
http://www.ncbi.nlm.nih.gov/pubmed/26197943
http://dx.doi.org/10.1007/s00103-011-1387-x
http://www.ncbi.nlm.nih.gov/pubmed/22286249
http://dx.doi.org/10.1037/0278-6133.5.3.197
http://www.ncbi.nlm.nih.gov/pubmed/3743529
http://dx.doi.org/10.1016/j.jsams.2014.09.007
http://www.ncbi.nlm.nih.gov/pubmed/25311901
http://dx.doi.org/10.1111/psyp.12688
http://www.ncbi.nlm.nih.gov/pubmed/27314635
http://dx.doi.org/10.1249/01.mss.0000241654.45500.8e
http://www.ncbi.nlm.nih.gov/pubmed/17277603
http://dx.doi.org/10.2466/pms.1991.72.3c.1215
http://www.ncbi.nlm.nih.gov/pubmed/1961669
http://dx.doi.org/10.1249/MSS.0000000000000199
http://www.ncbi.nlm.nih.gov/pubmed/24743109
http://dx.doi.org/10.1016/j.bandc.2014.03.016
http://www.ncbi.nlm.nih.gov/pubmed/24747513

Int. J. Environ. Res. Public Health 2018, 15, 800 11 of 13

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Verburgh, L.; Scherder, E.J.A.; van Lange, P.A.M.; Oosterlaan, J. The key to success in elite athletes? Explicit
and implicit motor learning in youth elite and non-elite soccer players. |. Sports Sci. 2016, 34, 1782-1790.
[CrossRef] [PubMed]

Kubesch, S.; Walk, L.; Spitzer, M.; Kammer, T.; Lainburg, A.; Heim, R.; Hille, K. A 30-min physical education
program improves students’ executive attention. Mind Brain Educ. 2009, 3, 235-242. [CrossRef]

Syvéoja, H.J.; Tammelin, T.H.; Ahonen, T.; Kankaanpdi, A.; Kantomaa, M.T. The associations of objectively
measured physical activity and sedentary time with cognitive functions in school-aged children. PLoS ONE
2014, 9, €103559. [CrossRef] [PubMed]

Alesi, M.; Bianco, A.; Padulo, J.; Vella, E.P; Petrucci, M.; Paoli, A.; Palma, A.; Pepi, A. Motor and cognitive
development: The role of karate. Muscles Ligaments Tendons |. 2014, 4, 114-120. [CrossRef] [PubMed]
Janssen, M.; Chinapaw, M.].M.; Rauh, S.P; Toussaint, H.M.; van Mechelen, W.; Verhagen, E.A.L. M. A short
physical activity break from cognitive tasks increases selective attention in primary school children aged
10-11. Ment. Health Phys. Act. 2014, 7, 129-134. [CrossRef]

Tine, M.T.; Butler, A.G. Acute aerobic exercise impacts selective attention: An exceptional boost in
lower-income children. Educ. Psychol. 2012, 32, 821-834. [CrossRef]

Van der Niet, A.G.; Smith, J.; Scherder, E.]J.A.; Oosterlaan, J.; Hartman, E.; Visscher, C. Associations between
daily physical activity and executive functioning in primary school-aged children. J. Sci. Med. Sport 2015, 18,
673-677. [CrossRef] [PubMed]

Chaddock-Heyman, L.; Erickson, K.I.; Voss, M.W.; Knecht, A.M.; Pontifex, M.B.; Castelli, D.M.; Hillman, C.H.;
Kramer, A.F. The effects of physical activity on functional MRI activation associated with cognitive control
in children: A randomized controlled intervention. Front. Hum. Neurosci. 2013, 7, 72. [CrossRef] [PubMed]
Ishihara, T.; Sugasawa, S.; Matsuda, Y.; Mizuno, M. Relationship of tennis play to executive function in
children and adolescents. Eur. J. Sport Sci. 2017, 17, 1074-1083. [CrossRef] [PubMed]

Alesi, M.; Bianco, A.; Luppina, G.; Palma, A.; Pepi, A. Improving children’s coordinative skills and executive
functions: The effects of a Football Exercise Program. Percept. Mot. Skills 2016, 122, 27-46. [CrossRef]
[PubMed]

Bowers, M.T,; Green, B.C.; Hemme, F; Chalip, L. Assessing the Relationship between Youth Sport
Participation Settings and Creativity in Adulthood. Creat. Res. |. 2014, 26, 314-327. [CrossRef]

Trudeau, E; Shephard, R.J. Physical education, school physical activity, school sports and academic
performance. Int. J. Behav. Nutr. Phys. Act. 2008, 5, 10. [CrossRef] [PubMed]

Luszczyniska, A. Psychologia sportu i Aktywnosci Fizycznej [Psychology of Sports and Physical Activity], 1st ed.;
PWN: Warsaw, Poland, 2011.

McMorris, T.; Tomporowski, P.; Audiffren, M. Exercise and Cognitive Function, 1th ed.; Wiley Blackwell:
Oxford, UK, 2009.

Koch, HJ,; Kittig, G.; Eisermann, B.; Bohm, A.; Hartwich-Koch, R. Konzept einer zusétzlichen Sportstunde
pro Woche in englischer Sprache (“moving words”) in einer Mittelschule. MMW—Fortschr. Med. 2015, 157,
1-5. [CrossRef]

Mullender-Wijnsma, M.].; Hartman, E.; de Greeff, ] W.; Doolaard, S.; Bosker, R.J.; Visscher, C. Physically
active math and language lessons improve academic achievement: A cluster randomized controlled trial.
Pediatrics 2016, 137, 1-9. [CrossRef] [PubMed]

Abdelkarim, O.; Ammar, A.; Chtourou, H.; Wagner, M.; Knisel, E.; Hokelmann, A.; Bos, K. Relationship
between motor and cognitive learning abilities among primary school-aged children. Alexandria J. Med. 2017,
53, 325-331. [CrossRef]

Chomitz, V.R;; Slining, M.M.; McGowan, R.J.; Mitchell, S.E.; Dawson, G.F.; Hacker, K.A. Is there a relationship
between physical fitness and academic achievement? Positive results from public school children in the
northeastern United States. J. Sch. Health 2009, 79, 30-37. [CrossRef]

Kubesch, S.; Walk, L. Korperliches und kognitives Training exekutiver Funktionen in Kindergarten
und Schule [Physical and Cognitive Training of Executive Functions in Kindergarten and School].
Sportwissenschaft 2009, 39, 309. [CrossRef]

Colcombe, S.; Kramer, A.F. Fitness effects on the cognitive function of older adults: A meta-analytic study.
Psychol. Sci. 2003, 14, 125-130. [CrossRef] [PubMed]

Erickson, K.I.; Kramer, A.F. Aerobic exercise effects on cognitive and neural plasticity in older adults. Br. J.
Sports Med. 2009, 43, 22-24. [CrossRef] [PubMed]


http://dx.doi.org/10.1080/02640414.2015.1137344
http://www.ncbi.nlm.nih.gov/pubmed/26788666
http://dx.doi.org/10.1111/j.1751-228X.2009.01076.x
http://dx.doi.org/10.1371/journal.pone.0103559
http://www.ncbi.nlm.nih.gov/pubmed/25061820
http://dx.doi.org/10.11138/mltj/2014.4.2.114
http://www.ncbi.nlm.nih.gov/pubmed/25332920
http://dx.doi.org/10.1016/j.mhpa.2014.07.001
http://dx.doi.org/10.1080/01443410.2012.723612
http://dx.doi.org/10.1016/j.jsams.2014.09.006
http://www.ncbi.nlm.nih.gov/pubmed/25262450
http://dx.doi.org/10.3389/fnhum.2013.00072
http://www.ncbi.nlm.nih.gov/pubmed/23487583
http://dx.doi.org/10.1080/17461391.2017.1334831
http://www.ncbi.nlm.nih.gov/pubmed/28609253
http://dx.doi.org/10.1177/0031512515627527
http://www.ncbi.nlm.nih.gov/pubmed/27420304
http://dx.doi.org/10.1080/10400419.2014.929420
http://dx.doi.org/10.1186/1479-5868-5-10
http://www.ncbi.nlm.nih.gov/pubmed/18298849
http://dx.doi.org/10.1007/s15006-015-2933-5
http://dx.doi.org/10.1542/peds.2015-2743
http://www.ncbi.nlm.nih.gov/pubmed/26912206
http://dx.doi.org/10.1016/j.ajme.2016.12.004
http://dx.doi.org/10.1111/j.1746-1561.2008.00371.x
http://dx.doi.org/10.1007/s12662-009-0079-2
http://dx.doi.org/10.1111/1467-9280.t01-1-01430
http://www.ncbi.nlm.nih.gov/pubmed/12661673
http://dx.doi.org/10.1136/bjsm.2008.052498
http://www.ncbi.nlm.nih.gov/pubmed/18927158

Int. J. Environ. Res. Public Health 2018, 15, 800 12 of 13

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Davis, C.L.; Tomporowski, P.D.; McDowell, ].E.; Austin, B.P,; Miller, PH.; Yanasak, N.E.; Allison, ].D.;
Naglieri, ].A. Exercise improves executive function and achievement and alters brain activation in overweight
children: A randomized, controlled trial. Health Psychol. 2011, 30, 91-98. [CrossRef] [PubMed]

Hogan, M.].; O'Hora, D.; Kiefer, M.; Kubesch, S.; Kilmartin, L.; Collins, P.; Dimitrova, J. The effects of
cardiorespiratory fitness and acute aerobic exercise on executive functioning and EEG entropy in adolescents.
Front. Hum. Neurosci. 2015, 9, 538. [CrossRef] [PubMed]

Lezak, M.; Howieson, M.; Loring, D. Neuropsychological Assessment, 4th ed.; Oxford University Press:
New York, NY, USA, 2004.

Diamond, A.; Lee, K. Interventions shown to aid executive function development in children 4 to 12 years
old. Science 2011, 333, 959-964. [CrossRef] [PubMed]

Kim, YJ.; Cha, EJ.; Kang, K.D.; Kim, B.-N.; Han, D.H. The effects of sport dance on brain connectivity and
body intelligence. J. Cognit. Psychol. 2016, 28, 611-617. [CrossRef]

Bunketorp Kéll, L.; Malmgren, H.; Olsson, E.; Lindén, T.; Nilsson, M. Effects of a Curricular Physical Activity
Intervention on Children’s School Performance, Wellness, and Brain Development. ]. Sch. Health 2015, 85,
704-713. [CrossRef] [PubMed]

Chaddock-Heyman, L.; Hillman, C.H.; Cohen, N.J.; Kramer, A.F,, III. The importance of physical activity and
aerobic fitness for cognitive control and memory in children. Monogr. Soc. Res. Child Dev. 2014, 79, 25-50.
[CrossRef]

Roberts, G.; Quach, J.; Spencer-Smith, M.; Anderson, PJ.; Gathercole, S.; Gold, L.; Sia, K.L.; Mensah, F.;
Rickards, F; Ainley, J.; et al. Academic Outcomes 2 Years After Working Memory Training for Children With
Low Working Memory: A Randomized Clinical Trial. JAMA Pediatr. 2016, 170, €154568. [CrossRef]

Chen, A.G; Yan, J.; Yin, H.C,; Pan, C.Y.; Chang, Y.K. Effects of acute aerobic exercise on multiple aspects of
executive function in preadolescent children. Psychol. Sport Exerc. 2014, 15, 627-636. [CrossRef]

Kamijo, K.; Pontifex, M.B.; O’Leary, K.C.; Scudder, M.R.; Wu, C.T.; Castelli, D.M.; Hillman, C.H. The effects
of an afterschool physical activity program on working memory in preadolescent children. Dev. Sci. 2011, 14,
1046-1058. [CrossRef] [PubMed]

Vazou, S.; Smiley-Oyen, A. Moving and academic learning are not antagonists: Acute effects on executive
function and enjoyment. J. Sport Exerc. Psychol. 2014, 36, 474—485. [CrossRef] [PubMed]

Ishihara, T.; Sugasawa, S.; Matsuda, Y.; Mizuno, M. Improved executive functions in 6-12-year-old children
following cognitively engaging tennis lessons. J. Sports Sci. 2017, 35, 2014-2020. [CrossRef] [PubMed]
Mavilidi, M.E; Okely, A.; Chandler, P; Cliff, D.; Paas, F. Effects of Integrated Physical Exercises and Gestures
on Preschool Children’s Foreign Language Vocabulary Learning. Educ. Psychol. Rev. 2015, 27, 413—426.
[CrossRef]

Toumpaniari, K.; Loyens, S.; Mavilidi, M.E,; Paas, F. Preschool Children’s Foreign Language Vocabulary
Learning by Embodying Words through Physical Activity and Gesturing. Educ. Psychol. Rev. 2015, 27,
445-456. [CrossRef]

Diehl, K.; De Bock, E; Schneider, S. Bedeutung der sportlichen Aktivitét fiir Kinder und Jugendliche aus
soziologischer und padagogischer Perspektive. In Aktiv und Gesund? Interdisziplinire Perspektiven auf den
Zusammenhang zwischen Sport und Gesundheit; Becker, S., Ed.; Springer Fachmedien Wiesbaden: Wiesbaden,
Germany, 2014; pp. 311-329.

Frey, A, Mengelkamp, C. Auswirkungen von Sport und Bewegung auf die Entwicklung von
Kindergartenkindern [Impact of sport and exercise on the development of preschool children].
Bildungsforschung 2007, 4, 1-19.

Brzeziniska, A.I; Nowotnik, A. Funkcje wykonawcze a funkcjonowanie dziecka w $rodowisku
przedszkolnym i szkolnym. [Executive functions and children’s” functioning in preschool and school
environments]. Edukacja 2012, 117, 61-74.

Brzeziriska, A.I Jak myslimy o rozwoju cztowieka? [What do we think about human development?].
In Psychologiczne Portrety Czlowieka [Psychological Portraits of Humanity], 1th ed.; Brzeziniska, AL, Ed.;
Gdanskie Wydawnictwo Psychologiczne: Gdarisk, Poland, 2005; pp. 5-20.

Spear, L.P. The adolescent brain and age-related behavioral manifestations. Neurosci. Biobehav. Rev. 2000, 24,
417-463. [CrossRef]

Wenar, C.; Kerig, P. Developmental Psychopathology: From Infancy through Adolescence, 4th ed.; McGraw-Hill:
New York, NY, USA, 2000.


http://dx.doi.org/10.1037/a0021766
http://www.ncbi.nlm.nih.gov/pubmed/21299297
http://dx.doi.org/10.3389/fnhum.2015.00538
http://www.ncbi.nlm.nih.gov/pubmed/26539093
http://dx.doi.org/10.1126/science.1204529
http://www.ncbi.nlm.nih.gov/pubmed/21852486
http://dx.doi.org/10.1080/20445911.2016.1177059
http://dx.doi.org/10.1111/josh.12303
http://www.ncbi.nlm.nih.gov/pubmed/26331753
http://dx.doi.org/10.1111/mono.12129
http://dx.doi.org/10.1001/jamapediatrics.2015.4568
http://dx.doi.org/10.1016/j.psychsport.2014.06.004
http://dx.doi.org/10.1111/j.1467-7687.2011.01054.x
http://www.ncbi.nlm.nih.gov/pubmed/21884320
http://dx.doi.org/10.1123/jsep.2014-0035
http://www.ncbi.nlm.nih.gov/pubmed/25356611
http://dx.doi.org/10.1080/02640414.2016.1250939
http://www.ncbi.nlm.nih.gov/pubmed/27849444
http://dx.doi.org/10.1007/s10648-015-9337-z
http://dx.doi.org/10.1007/s10648-015-9316-4
http://dx.doi.org/10.1016/S0149-7634(00)00014-2

Int. J. Environ. Res. Public Health 2018, 15, 800 13 of 13

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Giedd, J.N.; Blumenthal, J.; Jeffries, N.O.; Castellanos, F.X.; Liu, H.; Zijdenbos, A.; Paus, T.; Evans, A.C,;
Rapoport, J.L. Brain development during childhood and adolescence: A longitudinal MRI study.
Nat. Neurosci. 1999, 2, 861-863. [CrossRef] [PubMed]

Rostowski, J. Rozwdj Mozgu Cztowieka w Cyklu zycia. Aspekty Bioneuropsychologiczne [ Development of the Human
Brain in the Life Cycle. Bioneuropsychological Aspects], 1th ed.; Difin: Warsaw, Poland, 2012.

Dahl, R.E. Adolescent brain development: A period of vulnerabilities and opportunities. Keynote address.
Ann. N. Y. Acad. Sci. 2004, 1021, 1-22. [CrossRef] [PubMed]

Giorgio, A.; Watkins, K.E.; Chadwick, M.; James, S.; Winmill, L.; Douaud, G.; De Stefano, N.; Matthews, PM.;
Smith, S.M.; Johansen-Berg, H.; et al. Longitudinal changes in grey and white matter during adolescence.
Neuroimage 2010, 49, 94-103. [CrossRef] [PubMed]

Lipowska, M. Graphomotor functions in ADHD—Motor or planning deficit? A microgenetic approach.
Acta Neuropsychol. 2012, 10, 69-80. [CrossRef]

Pan, W.J.; Thompson, G.; Magnuson, M.; Majeed, W.; Jaeger, D.; Keilholz, S. Simultaneous FMRI and
electrophysiology in the rodent brain. J. Vis. Exp. 2010, 19. [CrossRef] [PubMed]

Borkowska, A.R. Neuropsychologiczne mechanizmy powstawania zaburzern rozwojowych
[Neuropsychological mechanisms of developmental disorders]. In Neuropsychologia Kliniczna Dziecka [Clinical
Child Neuropsychologyl, 1th ed.; Borkowska, A.R., Domarnska, L., Eds.; PWN: Warsaw, Poland, 2011; pp. 13-30.
Johansson, B.B. Brain plasticity in health and disease. Keio |. Med. 2004, 53, 231-246. [CrossRef] [PubMed]
Khan, N.A.; Hillman, C.H. The relation of childhood physical activity and aerobic fitness to brain function
and cognition: A review. Pediatr. Exerc. Sci. 2014, 26, 138-146. [CrossRef] [PubMed]

Schmidt, M.; Jager, K.; Egger, F; Roebers, C.M.; Conzelmann, A. Cognitively Engaging Chronic
Physical Activity, But Not Aerobic Exercise, Affects Executive Functions in Primary School Children:
A Group-Randomized Controlled Trial. J. Sport Exerc. Psychol. 2015, 37, 575-591. [CrossRef]

Anderson, P. Assessment and development of executive function (EF) during childhood. Child Neuropsychol.
2002, 8, 71-82. [CrossRef] [PubMed]

Houghton, G.; Tipper, S.P. Inhibitory mechanisms of neural and cognitive control: Applications to selective
attention and sequential action. Brain Cognit. 1996, 30, 20—43. [CrossRef] [PubMed]

Jodzio, K. Neuropsychologia Intencjonalnego Dziatania. Koncepcje Funkcji Wykonawczych [Neuropsychology
of Intentional Action. Executive Function Concepts], 1th ed.; Wydawnictwo Naukowe Scholar: Warsaw,
Poland, 2008.

Hollmann, W.; Struder, H.K. Gehirn, Psyche und Korperliche Aktivitat [Brain, Psyche and Physical Activity],
1th ed.; Springer: Berlin, Germany, 2000.

Makarowski, R.; Lipowski, M.; Marszalt, M.; Czarnowski, W. Temperamental determinants of physical
activity as preventive factor of heart diseases—In the search of the model. Pol. J. Sport Med. 2009, 25, 83-94.
Strzatkowska, D.; Szewieczek, ].; Janowska, M. Czy sport to zawsze zdrowie? Zaburzenia rytmu serca
u sportowcéw wyczynowych [Is sport always healthy? Cardiac arrhythmias in competitive athletes].
Ann. Acad. Med. Sil. 2005, 59, 497-505.

Biddle, S.J.H.; Gorely, T.; Stensel, D.J. Health-enhancing physical activity and sedentary behaviour in children
and adolescents. J. Sports Sci. 2004, 22, 679-701. [CrossRef] [PubMed]

Janssen, I.; Leblanc, A.G. Systematic review of the health benefits of physical activity and fitness in
school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 40. [CrossRef] [PubMed]

Drygas, W.; Skiba, A.; Bielecki, W.; Puska, P. Assessment of the physical activity of inhabitants of six European
countries. The “Bridging East-West Health Gap” project. Pol. ]. Sports Med. 2002, 18, 169-174.

Drygas, W.; Skiba, A.; Bielecki, W.; Puska, P. Physical activity estimation among the inhabitants of six
European countries. Project “filling the Reducing East-West Health Gap”. Med. Sport. 2001, 5, 119-125.
Roden, I.; Grube, D.; Bongard, S.; Kreutz, G. Does music training enhance working memory performance?
Findings from a quasi-experimental longitudinal study. Psychol. Music 2014, 42, 284-298. [CrossRef]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/13158
http://www.ncbi.nlm.nih.gov/pubmed/10491603
http://dx.doi.org/10.1196/annals.1308.001
http://www.ncbi.nlm.nih.gov/pubmed/15251869
http://dx.doi.org/10.1016/j.neuroimage.2009.08.003
http://www.ncbi.nlm.nih.gov/pubmed/19679191
http://dx.doi.org/10.5604/17307503.995089
http://dx.doi.org/10.3791/1901
http://www.ncbi.nlm.nih.gov/pubmed/20811324
http://dx.doi.org/10.2302/kjm.53.231
http://www.ncbi.nlm.nih.gov/pubmed/15647628
http://dx.doi.org/10.1123/pes.2013-0125
http://www.ncbi.nlm.nih.gov/pubmed/24722921
http://dx.doi.org/10.1123/jsep.2015-0069
http://dx.doi.org/10.1076/chin.8.2.71.8724
http://www.ncbi.nlm.nih.gov/pubmed/12638061
http://dx.doi.org/10.1006/brcg.1996.0003
http://www.ncbi.nlm.nih.gov/pubmed/8811979
http://dx.doi.org/10.1080/02640410410001712412
http://www.ncbi.nlm.nih.gov/pubmed/15370482
http://dx.doi.org/10.1186/1479-5868-7-40
http://www.ncbi.nlm.nih.gov/pubmed/20459784
http://dx.doi.org/10.1177/0305735612471239
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	Attention 
	Thinking 
	Language 
	Learning and Memory 
	Model 

	Discussion 
	Late Childhood Period and Brain Development 
	Physical Activity in Childhood and Cognitive Functioning 
	Limitations 
	Implications for Research and Practice 

	Conclusions 
	References

