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Abstract: The purpose of the current study is to analyze the relationships between physical
fitness, selective attention, and academic performance in pre-teens. The sample here consists
of 135 participants between the ages of 10 and 12 (M = 11.05; SD = 0.61), with 39.26% female
(n =53) and 60.74% male (n = 82) participants. Horizontal and vertical jump distances, speed,
and cardio-respiratory fitness were evaluated to assess physical fitness. The d2 Test of Attention was
used to evaluate selective attention. In addition, data were obtained regarding participant academic
performance by analyzing the academic performance. The results show significant relationships
between the measures analyzed, highlighting positive associations between physical fitness, cognitive
functioning, and academic performance. Thus, participants who were fitter scored better on tests
of attention (Z133 = —4.07; p < 0.00007, Cohen’s d = 0.75, 95% CI (0.39, 1.11)) and concentration
(t133 = —3.84; p < 0.0007, Cohen’s d = 0.69, 95% CI (0.33, 1.05)), as well as having higher academic
performance (Z133 = —2.84; p < 0.0035, Cohen’s 4 = 0.39, 95% CI (0.04, 0.75)). Cardiorespiratory fitness
was the measure of physical fitness that best explained these relationships. The results suggest that
maintaining and improving the physical fitness of children and adolescents may help their brain
function develop better.
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1. Introduction

Recent research has shown that sedentary behaviors are widespread among children and
adolescents, where individuals engage in less and less strenuous physical activity [1-3]. To change
this situation, it would be appropriate to increase the level of physical activity through structured
physical exercise, which can be achieved with specific physical training programs or by participating
in sports [4]. Traditionally, the term physical activity refers to any motor behavior that requires energy
expenditure, and this expenditure is usually not planned. When physical practice is planned and
targeted, it is often called physical exercise instead [4]. In any case, for active behaviors to have a
significant impact on health, it is desirable to engage in activities from moderate to high exercise
intensity, which is currently not the case for a significant number of people at these age stages. This is
alarming researchers who are increasingly observing the damage that these lifestyle habits can have on
health [5]. Therefore, to ensure that physical activity with these characteristics is carried out, it would be
convenient for children and adolescents to join planned and prolonged programs of physical exercise,
which is known as physical training [6].
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Among the researchers who have pointed out the relationship between the practice of physical
activity or sport with the health of children and adolescents, in recent decades, those who have shown the
repercussions that active lifestyles have on cognitive functioning stand out [7,8]. Thus, the importance
of developing adequate physical exercise programs to favorably affect the central nervous system
and improve cognitive functioning has been highlighted [6]. Thus, positive relationships between the
practice of physical activity and various cognitive abilities, such as memory, executive functioning,
attention, language processing, and processing speed, have been revealed at these ages [9-12].
These findings are very important at these ages, since correct cognitive functioning facilitates
adaptation to the adolescent environment and contributes to better mental health and psychosocial
development [13,14]. For example, motor competence has been found to be related to working memory
in adolescents. Thus, adolescents with better motor development respond more appropriately in
situations where this cognitive factor is essential for performance [15].

In previous research, techniques such as electroencephalography, functional near-infrared spectroscopy,
functional magnetic resonance, positron emission tomography, and magnetoencephalography [16-21]
have been applied in the field of sports science, and are allowing a better understanding of these
types of phenomena. These neuroimaging techniques allow us to understand the effects of physical
exercise on cognition more comprehensively, and it has been shown that exercising at higher exercise
intensities leads to a more pronounced change in physical fitness and the brain [22,23]. As described in
several previous studies, one of the most relevant indicators of improvements in cognitive function is
the increase in aerobic capacity [24-26]. However, current studies have shown that it is necessary to
continue investigating how the type of exercise affects cognitive functioning. Mora-Gonzalez et al. [27]
observed that not only cardiorespiratory fitness, but also speed-agility positively affect various
dimensions of cognitive functioning.

Among the investigations that have addressed the relationships between the practice of physical
activity, condition, and cognitive functioning, some have focused on attention capacity [28-30] and
specifically selective attention and concentration [26,31-34]. This kind of research is relevant due to the
importance of this cognitive capacity in the adolescent stage, as it has a notable influence on multiple
tasks performed by young people at these ages and their involvement in other, more complex cognitive
functions [35,36]. In fact, selective attention is a skill that allows relevant stimuli to be addressed while
ignoring other distractors or irrelevant information [37], which is essential for adolescent success in
multiple academic or social tasks.

Several studies [26,34] have highlighted that adolescents who have a higher level of physical fitness
show better attention and concentration abilities. In addition, aerobic capacity is the best predictor of
cognitive functioning. Likewise, other studies, such as the one carried out by Cadenas-Sanchez et al. [38]
regarding an adolescent sample, indicated that aerobic capacity and the degree of fatness was related
to selective attention, with an existing interaction between both factors, showing that adolescents with
a better profile of physical fitness and body composition were the ones with better scores in attention
capacity. Although aerobic fitness has been shown to be the strongest predictor of selective attention
and concentration, it has been observed that these cognitive factors are also associated with explosive
strength performance and speed-agility performance [39]. In this regard, another study noticed that in
adolescents, aerobic fitness, the percentage of body fat mass, and explosive strength performance were
also correlated with performance in selective attention and concentration [40].

As some researchers have pointed out, the impact of physical exercise on cognitive functioning
in children and adolescents can be transferred to everyday issues, such as academic performance.
Alvarez-Bueno et al. [41] performed a systematic review and meta-analysis, in which they noted
the existence of specific relationships between aerobic fitness and specific domains of academic
achievement, such as language/reading or math-related skills. In a previous study, it was highlighted
that an adequate school physical exercise program could improve the classroom behaviors of children
and adolescents and could contribute to improving their academic performance [42]. This suggests that
schools should consider that physical education classes could contribute to other academic disciplines,
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and thus are very powerful tools in the academic field. Furthermore, the findings of another previous
meta-analysis indicated that long-term physical exercise programs were more effective than single
bouts [43]. Therefore, school physical education departments could integrate this information when
configuring school programs to favorably influence the general academic performance of students.
However, other studies [44] investigating the influence of habitual physical activity levels on different
academic subdomains showed that mathematical performance exhibited the strongest relationship
with a habitual physical activity level.

As a summary of the previously mentioned studies, it could be concluded that there is considerable
evidence linking cardiorespiratory fitness to attention and concentration in children, but the relationship
between cardiorespiratory fitness and academic performance has not been sufficiently studied.
For example, in another study, Reigal et al. [40] analyzed the relationships between physical fitness
and cognitive functioning. However, they did not assess academic performance. Furthermore, the age
range of the sample was from 14 to 15 years. To address this gap in the literature, the present study
analyzes the relationships of some dimensions of physical fitness (e.g., cardiorespiratory fitness) with
selective attention and concentration, as well as academic performance, in a pre-adolescent sample.

2. Materials and Methods

2.1. Participants

Here, 135 pre-adolescents (male gender, n = 82; female gender, n = 53) from the locality of La
Roda de Andalucia (Seville), aged between 10 and 12 years (M + SD = 11.05 + 0.61) participated in
this research study. The sampling was non-probabilistic and was selected from several educational
centers. Age (between 10 and 12 years old) was considered an inclusion criterion. The exclusion
criteria were the following: (a) Age less than 10 or more than 12 years old; (b) a physical injury that
prevents physical fitness tests; (c) not having the informed consent form signed by the parents; (d) not
performing the assessment tests following the correct protocol; or (e) having any neuropsychological
problem that would prevent the cognitive assessment tests from being carried out correctly.

2.2. Instruments and Measures

Regarding selective attention and concentration, the d2 Test of Attention was used [45]. It consists
of a total of 658 elements distributed in 14 rows. Individuals have 20 s to resolve each row and this is
always done from left to right and from top to bottom. The items contain the letters “d” or “p” and may
be accompanied by one or two stripes at the top, bottom, or both positions. The “d” must be crossed
out with 2 stripes, regardless of the position. The following scores were found for each participant
based on this test: TA (number of elements attempted), TH (number of hits), O (omissions or number
of relevant stimuli not crossed out), C (omissions or errors), TOT (task effectiveness = TA — (O + Q)),
CON (concentration = TH — C), and VAR (index of variation between the last stimulus analyzed
between different rows = (TA+) — (TA—), where TA+ would be the last stimulus analyzed in the row
with the most attempted elements and TA~ is the last stimulus analyzed in the row with the least
attempted elements.

Participant height was assessed using a conventional measuring rod. Weight and percentage of fat
mass were both determined using a bioimpedance meter (Tanita® Body Composition Monitor model
BC-601, Corp., Tokyo, Japan). A horizontal jump test was performed [46] and the vertical jump test
was evaluated with an Apple application called “my jump” (Apple Inc., Cupertino, CA, USA) [47] to
evaluate explosive strength in the lower limbs. Speed was also evaluated through a 30-m linear sprint
test). This test was measured through the application “My Sprint” (Apple INC., Cupertino, CA, USA).
This application has been recently validated [48]. The change of direction test was also performed
through the V-cut test [49]. Cones, a tape measure, and a stopwatch (A164WA-1VES, Casio, Tokyo, Japan)
were used for this test. In addition, maximum oxygen consumption was analyzed indirectly via the
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Course Navette test [50], using the formula VO2max = 31.025 + 3.238V — 3.248E + 0.1536VE (where V
is the speed reached in the last completed stage and E is the age of the participant).

2.3. Procedure

The sample here was selected from various schools. First, permission was sought from the
management of the center, and subsequently informed consent was obtained from the parents or legal
guardians. In addition, the ethical principles of the Declaration of Helsinki [51] were respected and this
study was approved by the Ethics Committee of the University of Malaga (no. 243, CEUMA Registry
No. 18-2015-H).

Evaluations were conducted on two different days. First, anthropometric and body composition
measurements were evaluated. Second, cognitive functioning tests were performed. In addition,
average grades were obtained from the end-of-course transcript, which was used as a measure of
academic performance.

2.4. Data Analysis

Descriptive and inferential analyses were performed. The Kolmogorov-Smirnov test was
used to analyze the normality of the data. To determine the level of the relationship between the
study variables, correlation analyses were performed. For this purpose, Pearson and Spearman
correlations were used (+0.01 to £0.19 = very weak correlation; +0.20 to £0.39 = weak correlation;
+0.40 to £0.59 = moderate correlation; +0.60 to £0.79 = high correlation [52]). In addition, we aimed
to investigate if the level of physical fitness could determine the measures of cognitive functioning
and academic performance. Therefore, the predictive ability of the physical fitness measurements on
selective attention and concentration, as well as on academic performance, were checked by regression
analyses (successive steps). Finally, we tried to determine if the group with better physical fitness
had better scores in cognitive functioning and academic performance. By means of cluster analysis
(K-mean), two clusters were formed as a function of the physical fitness variables. Student’s t-test
and Mann-Whitney U tests were used to assess differences in scores between clusters. In addition,
the effect size was estimated by means of Cohen’s d [53]. The level of significance was set to « = 0.05.
In addition, Bonferroni correction for multiple comparisons was performed to the minimize type I error.
Here, SPSS version 20.0 (IBM Corp., Armonk, NY, USA) was used for statistical processing of the data.

3. Results

Table 1 shows the descriptive and normal statistics of the variables under study. As can be
observed, the variables, commissions, and omissions of the d2 Test of Attention showed problems
of normality.

The correlation analysis (Table 2) indicated significant and positive relationships between the
variables of the horizontal jump and maximum oxygen consumption with various measures of the d2
Test of Attention. In addition, the speed test was significantly and negatively associated with some of
the attention test measures. However, the omissions, commissions, and index of variation (d2 Test)
were not related to any of the physical fitness variables.

The linear regression analyses (successive steps) can be seen in Table 3. The latest models generated
for the total sample and those by gender are shown. Some variables were excluded as predictors due toa
lack of significance (p > 0.05). The linearity assumptions were met in the relationship between predictor
variables and criteria, homoscedasticity, and normal distribution of residuals. The Durbin-Watson
values were between 1.78 and 2.03, so it can be assumed that the residuals are independent and the
assumption of the independence of the independent variables with respect to the dependent one is
fulfilled [54].
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Table 1. Descriptive measurements and Kolmogorov—-Smirnov test for the analyzed variables.

Study Variables M SD S K K-S
% Body fat mass 16.07 6.41 0.45 -0.62 1.09
Sprint 30 m (sg) 5.48 0.45 -0.36 0.02 1.33
Vertical jump (cm) 35.88 6.46 0.00 -1.20 1.17
Horizontal jump (cm) 129.80 12.07 0.67 -0.14 1.24
V-cut (sg) 8.17 1.11 0.37 -1.02 1.30
VO2max (mL/kg/min) 39.04 4.65 0.59 -0.11 1.17
D2-TA 62.41 14.62 —-0.02 -1.11 121
D2-TH 61.86 14.19 0.08 -1.18 1.25

D2-O 65.99 11.19 —-0.36 —0.58 1.97 ***

D2-C 51.11 14.02 0.15 -1.23 2.64 ***
D2-TOT 64.35 14.56 0.01 -1.04 1.32
D2-CON 61.63 13.21 0.11 -0.97 1.08
D2-VAR 59.67 13.60 0.15 -0.95 1.32
SAR (1-10) 7.59 1.38 —0.58 —-0.49 1.20

S = skewness; K= kurtosis; K-S = Kolmogorov-Smirnov value; VO2max = maximum oxygen consumption
(mL/kg/min); TA = total number of attempts; TH = total hits; O = omissions; C = commissions; TOT = total
effectiveness in the test; CON = concentration index; VAR = variation index; SAR = school average rating.

4 p < 0.001.
Table 2. Analysis of correlations between study variables.

Study Variables D2-TA D2-TH D2-0 D2-C D2-TOT D2-CON D2-VAR SAR

% Body fat mass —0.27 ** —0.26 ** -0.07 0.03 0.26 ** -0.21* —-0.22 % -0.09
Sprint 30 m (sg) —0.28 ** —0.27 ** —0.08 0.06 0.24 ** —0.26 ** —0.23 ** -0.11

Vertical jump (cm) 0.04 0.05 0.04 -0.06 0.11 0.02 0.03 -0.04
Horizontal jump (cm) 0.06 0.07 -0.05 0.01 0.10 0.04 0.06 0.05

V-cut (sg) —0.31 *** —0.30 *** -0.11 —0.06 —0.29 *** —0.28 ** —0.26 ** -0.15

VO2max (mL/kg/min) 0.44 *** 0.42 *** 0.16 -0.07 0.41 *** 0.40 *** 0.35 *** 0.18 *

VO2max = maximum oxygen consumption (mL/kg/min); TA = total number of attempts; TH = total hits;
O = omissions; C = commissions; TOT = total effectiveness in the test; CON = concentration index; VAR = variation
index; SAR = school average rating. * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 3. Linear regression analysis (successive steps).

Criterion ANOVA R R2 Adjusted D-W Predictors Beta t T VIF
D2-TA  3128** (.44 0.18 1.78 VO2max  0.44 559 ** 1.00 1.00
D2-TH  2835** 0.42 0.17 1.96 VO2max  0.42 533** 1.00 1.00

D2-TOT 33.55** 0.45 0.20 2.01 VO2max  0.45 579** 1.00 1.00

D2-CON  28.98** (.42 0.17 2.03 VO2max  0.42 538** 1.00 1.00

D2-VAR  23.54** (.39 0.15 2.01 VO2max  0.39 4.85** 1.00 1.00

SAR 5.04* 0.19 0.03 1.82 VO2max  0.19 225* 1.00 1.00

VO2max = maximum oxygen consumption; TA = total number of attempts; TH = total hits; TOT = total test effectiveness;
CON = concentration index; VAR = variation index; SAR = school average rating; D-W = Durbin-Watson value;
T = tolerance; IVF = variance inflation factor. * p < 0.05; *** p < 0.001.

Through cluster analysis (K-means) two clusters were generated depending on the variables of
the percentage of body fat mass, speed test, V-cut test, and VO2max. Each case was well classified,
since the maximum distance of each one from the center of its group (14.24) was less than the distance
between the centers of the clusters (26.58). The two groups constituted were characterized by a higher
percentage of fat mass and worse physical performance (group 1) (n = 49; 23 boys and 26 girls) or a
lower percentage of fat mass and better physical performance (group 2) (n = 86; 59 boys and 27 girls).

Table 4 shows the descriptive and normal statistics of the variables analyzed according to the
physical fitness measurements. The analyses performed (Student’s ¢-test and Mann-Whitney U test,
with Bonferroni correction) indicated statistically significant differences (the p-values after Bonferroni
correction were as follows: p < 0.0035, p < 0.0007, and p < 0.00007) between the two groups in the
measurements of physical fitness regarding the percentage of fat mass (Z;33 = —=9.60; p < 0.00007,
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Cohen’s d = —3.38, 95% CI (-3.92, —2.85)), speed test (t133 = 3.72; p < 0.0007, Cohen’s d = —0.67, 95%
CI (-1.03, =0.31)), change of direction test (t133 = 3.26; p < 0.0035, Cohen’s d = —0.59, 95% CI (-0.94,
—0.23)), and maximum oxygen consumption (Z133 = —4.86; p < 0.00007, Cohen’s d = 0.69, 95% CI (0.33,
1.05)). Significant differences were also observed in the d2 Test measures regarding the TA measures
(Z133 = —4.33; p < 0.00007, Cohen’s d = 0.79, 95% CI (0.42, 1.15)), TH (Z133 = —4.08; p < 0.00007, Cohen’s
d =0.78, 95% CI (0.42, 1.14)), TOT (Z133 = —4.07; p < 0.00007, Cohen’s d = 0.75, 95% CI (0.39, 1.11)),
CON (t133 = —3.84; p < 0.0007, Cohen’s d = 0.69, 95% CI (0.33, 1.05)), and VAR (Z133 = =3.73; p < 0.0007,
Cohen’s d = 0.67, 95% CI (0.31, 1.03)), as well as the academic performance values (Z133 = —2.84;
p < 0.0035, Cohen’s d = 0.39, 95% CI (0.04, 0.75)).

Table 4. Descriptive and normal measures of the variables analyzed as a function of physical fitness.

Group 1 Group 2
Study Variables
M SD S K K-S M SD S K K-S
% Body fat mass 2329 348 0.92 1.85 085 1195 3.28 005 -119 1l46*
Sprint 30 m (sg) 5.66 042 -062 075 0.79 537 044 -027 0.04 1.07

Vertical jump (cm) 3492 484 -001 -050 0.60 3643 719 012 -147 1.22
Horizontal jump (cm) 126.63  9.95 0.49 0.04 0.74 13160 12.83 0.60 -0.51 1.18

V-cut (sg) 8.57 1.19 -005 -148 1.19 7.94 1.00 055 -048 1.05
VO2max (mL/kg/min) 37.08  4.81 1.54 217  140* 4015 4.19 028 -0.15 1.12
D2-TA 5553 1295 0.93 0.54 112 6633 1412 -053 -071 147*
D2-TH 55.24 12.07 1.13 1.03 129 6563 1398 -044 -094 155*%
D2-O 6435 1165 -0.09 -0.77 118 6692 1088 -052 -030 1.58*
D2-C 50.82 13.07 010 -1.11 1.53* 5128 1461 017 -131 214**
D2-TOT 57.76 1237  0.90 0.64 114 6810 1445 -047 -072 155*%
D2-CON 56.12 11.67 0.81 0.33 1.04 6477 13.07 -027 -0.83 1.28
D2-VAR 5412 1223 1.01 0.61 1.01 6283 1339 -027 -0.77 1.67*
SAR (1-10) 7.23 127 -041 0.14 1.26 7.76 140 -074 -056 1.48*

S = skewness; K = kurtosis; K-S = Kolmogorov-Smirnov; VO2max = maximum oxygen consumption (mL/kg/min);
TA = total number of attempts; TH = total hits; O = omissions; C = commissions; TOT = total effectiveness in the test;
CON = concentration index; VAR = variation index; SAR = school average rating. * p < 0.05; ** p < 0.01; ** p < 0.001.

4. Discussion

The purpose of this paper was to determine the relationships between physical fitness, cognitive
functioning, and academic performance in a group of pre-teens. For this purpose, correlation and linear
regression analyses have been carried out. In addition, groups of participants have been generated
based on measures of physical fitness and body composition and scores have been compared between
them. Thus, two conglomerates were generated characterized by a high percentage of fat mass and a
lower physical performance, or by a lower percentage of fat mass and a better physical performance.
In general, it can be observed that there is a positive relationship between physical performance
with cognitive functioning measures and academic performance, as well as a negative relationship
between the percentage of fat mass with selective attention and concentration. These results reveal
statistically significant relationships between the study variables and contribute to expanding the
scientific evidence that has previously indicated the relationship between physical fitness and cognitive
functioning at these ages [7,55].

In particular, our results show that pre-teens who scored better on the tests of speed, change of
direction, and cardiorespiratory fitness exhibited a superior performance in terms of their selective
attention and concentration. This is in accordance with previous studies revealing a positive association
between physical fitness and cognitive functioning, especially in the cognitive domains of attention and
concentration [26,31,34,38]. In addition, cardiorespiratory fitness operationalized via indirect maximal
oxygen consumption is the variable that explained the largest variance in the relationship between
physical fitness and cognitive functioning. This phenomenon is in line with previous studies showing
that cardiorespiratory fitness is associated with the level of cognitive functioning in adolescents [24-26].
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As described in previous studies, the development of cardio-respiratory fitness is associated with a
greater hippocampal or basal ganglia volume [56]. In addition, in other studies, it has been proposed
that greater aerobic fitness increases the microstructure of white matter, which increases the efficiency
of communication between brain regions [57].

However, more research is needed to determine how other measures of physical fitness affect
cognitive functioning in children and adolescents. Although cardiorespiratory fitness is more
strongly related to cognitive functioning, this study reveals how other dimensions such as speed
and speed-agility have been associated with selective attention and concentration. This issue has
been highlighted in previous studies that have investigated how different dimensions of physical
fitness are related to cognitive functions [39,40]. For example, physical exercise programs that combine
cardiorespiratory fitness and speed-agility have previously been proposed to improve cognitive
functioning [27]. Thus, Esteban-Cornejo et al. [58] highlighted that these programs have a positive
impact on the development of different brain areas, such as the premotor cortex, supplementary
motor cortex, hippocampus, caudate, inferior temporal and frontal gyri, superior temporal gyrus,
parahippocampal gyrus, and calcarine cortex. Understanding the influence of different fitness
dimensions (e.g., cardiorespiratory fitness, muscular fitness, motor-cognitive fitness) on cognitive
function and academic performance is essential to enhance the understanding of the interaction
between exercise and cognition, and, in turn, to better tailor physical exercise programs to the needs of
the individual.

Likewise, the cluster analyses carried out here have highlighted significant differences between
the two groups. In this context, children with a relatively high fitness level exhibited superior cognitive
performance as compared to children with a relatively low fitness level. Hence, our findings are in
accordance with the previous literature suggesting that a superior physical fitness level is linked to
better cognitive functioning in children and adolescents. Along these lines, there are notable differences
between the two groups, suggesting that this is a fact to be taken into account and that it could be
relevant to the integral development of children and adolescents. Thus, Cadenas-Sanchez et al. [38]
pointed out the interactions that could be established between poor physical performance and an
inadequate body composition profile. In this paper, linear regression analyses have not included the
percentage of body fat mass, but the conglomerate with the best scores has been characterized by a
better physical fitness and a lower percentage of body fat mass. This fact, which will have to be further
addressed in future investigations, could indicate the need to monitor the two parameters for a better
prediction of health in general and cognitive functioning, particularly for children and adolescents.

Furthermore, it has been highlighted that possessing good cognitive functioning at these ages
is related to better psychosocial adjustment for children and adolescents, better adaptation to the
environment, and greater success in daily activities [13,14]. For example, academic activities are one
area that could benefit, with an important impact at this age. In this sense, it has been observed in the
present research that better physical fitness is not only associated with cognitive functioning, but also
with academic performance. This has already been highlighted previously [59-61], and its impact on
the development processes of children and adolescents should continue to be an interesting line of
study. Although specific competencies have not been analyzed in the current research, and only a
general index of academic performance has been analyzed, the data suggest that an improved physical
condition could have an impact on certain intellectual abilities that generate better functioning in
different academic areas. However, this phenomenon cannot be deduced from the findings obtained
here and will have to be explored in future research.

In summary, this study highlights the important role of physical fitness when analyzing factors
associated with health or well-being in children. Therefore, when assessing the lifestyles of children and
adolescents, it should not only be pointed out that they are healthy or that they promote active habits,
but it is also necessary to contribute to improving the level of physical fitness so that the effects are
more forceful. Thus, as suggested by authors such as Chaddock et al. [62], Esteban-Cornejo et al. [58],
or Reloba-Martinez et al. [26], when physical activity is carried out, it must overcome a certain threshold
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of a mismatch of supply and demand that allows the organism to adapt to it, and this process generates
a sufficient impact on the brain for its functioning to be optimized.

This research has a number of limitations. For example, the design used here does not
allow causal relationships to be established. Therefore, in future research, others studies of a
longitudinal or quasi-experimental type could be implemented to facilitate this type of interpretation.
Furthermore, even though our sample size is too small to investigate the influence of gender, this aspect
should be considered in future investigations, as there is some evidence suggesting gender-specific
effects of physical exercise on cognitive performance [2-4]. Moreover, we also recommend that future
studies consider variables such as study time or rest, as well as feeding or the use of new technologies,
which might influence the associations between physical fitness, cognitive performance, and academic
achievement. Another possible limitation is the indirect assessment of maximal oxygen consumption,
which might have generated some measurement error. Additionally, only specific physical fitness
dimensions have been assessed. Future research, therefore, should consider an assessment of
different dimensions of fitness (e.g., cardiorespiratory fitness, muscular fitness, motor-cognitive fitness),
which could provide a more comprehensive insight into the relationships between specific physical
fitness dimensions, cognitive functioning, and academic performance.

5. Conclusions

The results found here provide evidence of the connections between physical fitness, cognitive
functioning, and academic performance. Specifically, relationships have been found between speed,
speed-agility, and cardiorespiratory fitness with selective fitness and concentration, as well as between
cardiorespiratory fitness and academic performance. In addition, cardiorespiratory fitness is the
best predictor of the measures of cognitive functioning and academic performance. This suggests
that regular physical exercise, which normally increases physical fitness levels, should be promoted
among children, adolescents, and their parents in order to foster health and integral development.
Thus, those responsible for public and private organizations, schools, and sports clubs should focus on
creating active lifestyles and facilitating access to physical practice at these ages.
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