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Abstract Academic performance could be conditioned by physical fitness; research suggests that students
with higher fitness levels perform better in basic areas (Santana et al., 2016). This research project
aims to analyze the relationship between physical strength, endurance and academic performance
in kids from 10 to 12 years old. The study has a quantitative approach, non-experimental design,
cross-sectional type, and descriptive scope. The FitnessGram test battery was implemented to assess
physical abilities and the tests “PENSAR” were used to assess academic performance. In the total
sample, it is evident that there is a positive correlation between endurance capacity and performance
in mathematics and reading; furthermore, there is also evidence of a positive correlation between
strength and mathematics. The physical condition has a positive correlation with the academic per-
formance in the total sample, but this is not significant when only the female gender is analyzed.
Finally, the correlation between strength and mathematics, endurance and reading are significant in
the male gender, but those are presented in a negative direction.
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Resumen El desempefio académico podtia estar condicionado por la aptitud fisica; las investigaciones sugie-
ren que los estudiantes con mayores niveles de condicién fisica consiguen mejores resultados en areas
basicas (Santana et al., 20106). Este proyecto de investigacion tiene como objetivo analizar la relacion
entre las capacidades fisicas de fuerza y resistencia con el desempefio académico de matematicas y
lectura en nifios de 10 a 12 afios. El estudio es de enfoque cuantitativo, diseflo no experimental, tipo
transversal y alcance descriptivo. La baterfa de pruebas de FitnessGram se implementé para evaluar
las capacidades fisicas y las pruebas PENSAR se utilizaron para valorar el desempefio académico. Por
medio del software SPSS, se evidencia en la muestra total que existe una correlacién positiva entre
la capacidad de resistencia y el desempefio en matematicas y lectura; asimismo, también se presenta
una correlacion positiva entre fuerza y matematicas. La condicion fisica tiene una correlacion positiva
con el desempefio académico en la muestra total, pero esta no es significativa cuando se analiza uni-
camente el género femenino. Finalmente, la correlacion entre fuerza y matematicas y también entre
resistencia y lectura son significativas en el género masculino, pero se presentan en direccion negativa.

Palabras clave: Condicion fisica, desempefio académico, fuerza, lectura, matematicas y resistencia

Introduction

Many research articles have shown that the com-
ponents of physical fitness and academic performance
have interacted in different ways in studies conducted
over the past 20 years (Donnelly et al., 2018). In some
of them, it is observed that physical fitness has been
positively associated with academic performance; This
is revealed by observing students with higher levels
of physical condition achieve better academic results
(Lima et al., 2018); but in other articles no interaction
between the physical and cognitive variables has been
found, for this reason some authors conclude that there
is still not enough evidence to establish a link between
these physical fitness components with academic per-
formance (Donnelly et al., 2018).

Some of the data found regarding the relationship
between aerobic endurance and academic performance
is variable (Lima et al. al, 2018; Aadland et al., 2017;
Santana et al., 20106). Students with excellent aerobic en-
durance have been found to perform better on acade-
mic tests; likewise, students with deficiencies in aerobic
endurance achieve lower results in cognitive tests (Wi-
ttberg et al., 2012). Furthermore, a systematic review
concluded that 84% of the included studies exposed
a positive relationship between aerobic endurance and
academic performance (Santana et al., 2010).

Based on this information, it can be considered that
programs designed to improve aerobic capacity would
have a positive impact on academic performance (Witt-
berg et al., 2012); In addition, it is pertinent to state that
the effect derived from a high cardiorespiratory capacity
is the induction of angiogenesis (physiological process
by which new blood vessels are formed) in the motor
cortex and the increase in blood flow, which would en-
hance vascularization of the brain and would end up
affecting academic performance (Santana et al, 2016;
Donnelly et al, 2016). This strong relationship between
aerobic endurance and academic performance is men-
tioned in cross-sectional studies, however, little evidence
exists on the relationship of these variables in longitu-
dinal studies (Santana et al, 2016; Donnelly et al, 2010).

In this research it is necessary to include another
variable such as strength, which has also had a positive
association with academic performance in mathematics
and reading in cross-sectional and longitudinal studies,
however, it is still not certain (Lima et al., 2018). Through
a systematic review, it was established that 44% of all the
research involved found a positive interaction between
muscle strength and cognitive performance, but despite
this, the association is still uncertain (Santana et al., 2010).
Muscle strength could increase motor neuron excitability
and induce a synaptogenesis process in the spinal cord,
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which favors the connection between neurons and would
enhance academic performance (Santana et al., 2010).

The reason for this research is based on the fact that in
the study of these variables there are also some inconsis-
tencies, which hinder the homogeneity of the information,
for example, despite the fact that the relationship between
physical fitness and academic performance is statistically
significant, they find outliers such as those who present
low physical condition and are academically successful, or
also students who have a high level of physical condition
and show failures in their academic performance. Gene-
rally, these cases represent between 15 and 20% of the
population (London et al,, 2011). Additionally, there are
differences in the correlation between the male and female
gender; in some cases, the link is found to a greater extent
in girls and in another case in boys, which also shows the
relevance of continuing to carry out research in this line
(London et al., 2010; Santana et al., 20106).

Likewise, this project is carried out to investigate the
incidence of sports processes on academics, since, due
to the emphasis on obtaining better results in national
tests, the time of the physical education subject has been
reduced, which evidences that strategies to increase aca-
demic performance are totally isolated from physical
activity (Donnelly et al., 2016). However, according to
scientific evidence, a reduction in physical activity time
could cause an increase in sedentary lifestyle, and an in-
crease in body weight; consequently, a decrease in phy-
sical fitness and ultimately poor cognitive performance
(Santana et al., 2016). This is since an excess of adipose
tissue limits cognitive function and therefore, people in
a state of obesity present lower academic performance
(Lima et al., 2018).

Another element to consider is the amount of scienti-
fic production of each of the components of physical fit-
ness in relation to academic performance; in addition, the
percentage of positive association between each of them
and finally the types of studies, which can be cross-sectio-
nal or longitudinal. Due to these results, many researchers
have suggested increasing the number of investigations
and samples in this field, to strengthen scientific evidence
and clarify the interaction between variables in different
types of studies, populations, genders, and ages (McPher-
son et al. al., 2018; Maher et al., 2016).

The following independent variables are endurance
and strength, these two abilities are predictors of a per-
son's health status, and it is also considered that a heal-
thy student learns more easily than an unhealthy one,
due to the condition of their organs (Kohl and Cook,
2013). On the other hand, the dependent variables are
mathematics and reading, studies have concluded that
students with greater physical fitness respond more
effectively to a wide variety of cognitive tasks related
to reasoning, quantitative and critical analysis (IKohl and
Cook, 2013). Unfortunately, little evidence supports
this notion that more time spent strengthening physi-
cal abilities will translate into better academic results in
these subjects.

Materials and methods

Methodology:

The approach of the project is quantitative because
magnitudes of the two phenomena to be studied are me-
asured and estimated; In this case, the type of research is
transversal since data is collected at a single moment or
term to evaluate the variables. Additionally, the scientific
method is rigorously applied to obtain data. The study
applies a non-experimental methodological design as it
does not involve deliberated manipulation of the two va-
riables. Finally, the scope of the project is correlational
because it collects information on the variables chosen
to later carry out an association process.

Sample

In this research, the sample is non-probabilistic, the Epi
Info™ version 7.2 program is used to calculate the sample,
in the Stat-Calc option it is described that the size of the
population is 60 students, the expected frequency is 20% ,
the margin of error is 5%, the reliability percentage is 95%,
the design effect is 1.0 and the number of groups is 1. Fi-
nally, the research will include 47 students aged 10 to 12.

Standard test
The data collection tool for the independent varia-
ble will be the battery of physical fitness tests called

FITNESSGRAM, created in the United States since
1987. This protocol is written in a manual, it has also
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been standardized, validated, and adopted by the scien-
tific community to carry out research on the physical
condition of children and adolescents around the world
(Cvejic et al.,, 2013). In the pacer test, the participant
must run continuously for as long as possible in a space
of 20 meters at a specified pace that increases speed
every minute to assess aerobic endurance capacity. Ad-
ditionally, in the push up test, the highest number of
repetitions in the 90-degree elbow flexion exercise must
be completed to assess explosive strength capacity.

On the other hand, academic performance data was
collected in the same way as it was done in 82% of the
studies analyzed in the systematic review by Santana et
al (2016), with national tests, in this case they would be
PENSAR tests, from Milton Ochoa organization (San-
tana et al, 2016). This test contains a certain number of
multiple-choice questions related to mathematics and
reading which must be answered in the stablished time.

Statistical analysis

To carry out the correlational analysis with the re-
sults presented in the physical variables of strength and
endurance and the academic variables of mathematics
and reading, the Spearman model is used in the softwa-
re Statistical Package for Social Sciences (SPSS), which

will indicate the correlation coefficient and scatterplots.
The results of correlational studies vary between 1 and
-1. In this system of analysis, there are two elements,
direction and magnitude. The first one which can be
positive or negative, and the second one which means
how strong the relationship is.

Ethical, bioethical and scientific integrity conside-
rations

To guarantee that this research project complies with
the ethical, bioethical and scientific integrity it follows the
guidelines that are established by the national policy of
the Ministry of Science and Technology of the Republic
of Colombia. These guidelines | |

allow the investiga-
tion to be carried out with honesty, transparency, rigor,
justice, veracity, validity and reliability following universal
models that the scientific community has adopted to de-
velop the investigative processes (Ocampo et al., 2017).
Considering that this is a study without risks, but it in-
volves human beings of sensitive ages, it is necessary to
request authorization from the institution, validate the
protocols by members of the scientific community and
fill out informed consents and assents forms. Finally, it
is important to manifest interest conflict because the re-
searcher works as a teacher in the school.

Results

Table 1.
Average results of anthropometric variables

BMI Anthropometric variables

Total sample

Female sample Male sample

Number of students 47 27 20

Age 10,94 £ 0,32 10,93 + 0,38 10,95 £ 0,22
Weight 39,77 + 7,49 41,93 £ 8,08 36,86 + 5,58
Height 1,48 = 0,07 1,49 + 0,07 1,46 £ 0,07
BMI 18,03 £ 2,40 18,66 + 2,47 17,19 £ 2,07

Healthy zone

Healthy zone

Healthy zone
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Figure 1.
Average results of anthropometric variables
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Table 2.

Average results of physical and academic variables

Physical and academic variables
Variables
Total sample Female sample Male sample
Number of students 47 27 20
S b (R 14,77 £ 7,78 11,63 + 7,07 19,00 £ 6,62
trength (Reps) Healthy zone Healthy zone Healthy zone
43,02 + 14,56 36,82 £ 12,24 51,38 = 13,41
End 1 k. i > ’ ’ ) > > 5
ndurance (ml//kg/min) Healthy zone Health risk Healthy zone
+ - +
Mathematics (Score) 64,76 + 18,06 63,48 + 17,78 66,49 + 18,76
Satisfactory Satisfactory Advanced
Reading (Score) 65,74 + 18,66 06,18 = 20,94 65,14 + 15,57
ea core
8 Advanced Advanced Advanced
Figure 2.
Avwerage results of physical and academic variables
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Table 3.
Correlation analysis in the total samples
Correlation analysis in the total sample
Independent variables Dependent variable Coefficient Interpretation
Endurance S576%* Moderate p os@tive
linear correlation
ren ] —
Strength Mathematics 573%k Moderate positive
linear correlation
Strength 576k Moderate pos@tive
linear correlation
Endurance Mathematics 99T Strong positive
linear correlation
. ! itiv
Reading 355% \_X/ca < posttive.
linear correlation
Moderate positive
ok
Strength 573 linear correlation
Mathematics . Strong positive
Endurance 997 linear correlation
- —
Readin 300% \?Ceak positive
) ’ linear correlation
Weak positive
* . .
Reading Findurance 355 linear correlation
7 ) ) Weak positive
Mathematics 320% linear correlation
Figure 3.
Analysis of the strength variable in the total sample
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Strength vs Mathematics
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The independent variable of strength at the 0.01 le- and mathematics (.573**), this means that the higher
vel has a significantly moderate positive linear correla- levels of muscle strength, the better results in mathema-
tion with the dependent variables of endurance (.576**) tics and endurance tests of the total sample.
Figure 4.
Analysis of the endurance variable in the total sample
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Endurance vs Mathematics
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The independent variable of endurance at the le-
vel of 0.05 has a weak positive linear correlation with
the dependent variable of reading (.355%), likewise, at
the level of 0.01 a moderate positive linear correlation
is identified with the dependent variable of strength

(.576**) and finally a strong positive linear correlation
with the math dependent variable (.997%*). This means
that the higher levels of aerobic endurance, the better
results in reading, strength, and mathematics tests of
the total sample.
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Table 4.
Correlation analysis in the female gender sample
Correlation analysis in the female gender sample
Independent variable Dependent variable | Coefficient Interpretation
Strength There is no significant correlation
Endurance There is no significant correlation
) ) - Moderate positive linear
Mathematics Reading 512 correlation
) Moderate positive linear
Reading Mathematics 512%* correlation
The independent variable strength and the depen- the independent variable endurance, and the dependent
dent variables mathematics (.021), reading (-.103) and variables mathematics (.091), reading (.283) and streng-
endurance (.294) do not present a significant correla- th (.294) do not present a significant correlation coeffi-
tion coefficient in the female sample. In the same way, cient in the female sample.
Figure 5.
Analysis of the mathematics variable in the female gender.
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Mathematics vs Endurance
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The independent variable for mathematics has a po- that when better results are obtained in mathematics
sitive moderate linear correlation at the 0.01 level with tests, higher levels are presented in reading tests in the
the dependent variable for reading (.512*). This means sample of girls.
Figure 6.
Analysis of the reading variable in the female gender
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Reading vs Endurance
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The reading independent variable has a significant- means that the better results in math test, the higher
ly positive moderate linear correlation at the 0.01 level level in reading skills in the female sample.

with the mathematics dependent variable (.512**). This
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Table 5.
Correlation analysis in the male sample
Correlation analysis in the total sample
Independent variables Dependent variable Coefficient Interpretation
Endurance 500%% Moderate positive
linear correlation
Strength Mathematics _ 584 Moderate pos@tive
linear cotrelation
Strength 5995 Moderate positive
Endurance © linear correlation
Reading _548% Moderate positive
c linear correlation
Strength _ 584Kk Moderate positive
Mathematics linear correlation
. Moderate positive
* . .
Reading 467 linear cotrelation
Moderate positive
_ * . .
Reading Endurance 548 linear correlation
Moderate positive
: : inear correlation
Mathematics 467 ] 1
Figuere 7.
Analysis of the strength variable in the male gender.
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Strength vs Mathematics
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The strength independent variable at the 0.01 level has (-.584**). This means that the better results in strength
a significantly moderate positive linear correlation with test, the higher level in endurance test in the sample of
the endurance dependent variable ((599**) and also a ne- boys. However, the lower strength results, the better levels
gative linear correlation with the math dependent variable in mathematics test in the sample of boys and viceversa

Figure 8.
Analysis of the endurance variable in the male gender.
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Endurance vs Mathematics

70
E e o .
L]
60 . .
L
8 50
§ [ ]
% * . °
] 40 - L]
L ]
30
*
20 T T T T T T
10 20 30 40 50 60 70 80 %0 100
Mathematics
Endurance vs Reading
707
L} L} ®
®
@
60 ('Y ] [ ]
L L ]
g =
g ®
2 . 5
& a0 .
e a L]
L ]
301
®
207 T T T T T
40 50 60 70 80 90 100
Reading

The independent variable of endurance at the 0.01 le-
vel has a significantly moderate positive linear correlation
with the strength dependent variable (.599**) and a nega-
tive linear correlation with the reading dependent variable
(-.548**). This means that the better results in enduran-
ce test, the higher levels in strength test in the sample of
boys. However, the lower results in endurance, the better
levels in reading tests in the sample of boys and viceversa.

Discussion

This study reveals a strong positive correlation be-
tween endurance and mathematics, while a weaker cotte-
lation is observed with reading. This correlation is aligned
with several investigations, the most associated vatiable
in other studies is cardiorespiratory capacity. (Santana et
al., 2016) In addition, a moderate positive correlation of
strength with mathematics is found, but the relationship

of this ability with reading is uncertain, as it has been
found in other articles (Santana et al., 2010). In this sense,
it is established that physical condition is associated with
greater academic performance. These results could be
conditioned by the relationship between physical fitness
and brain areas that perform complex cognitive functions
and their structure (Donelly et al., 2016).

The mechanisms that have been established to unders-
tand and explain the evidenced correlation between phy-
sical fitness and academic performance in this research
are three: first, it has been found that physical fitness can
stimulate the production of the substance BDNF (bra-
in-derived neurotrophic factor), which regulates nerve
cell survival, differentiation processes, and plasticity in the
brain, which enhance cognitive function. Second, physi-
cal abilities improve the microstructure of gray matter in
the brain, this increases the speed and efficiency of neu-
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ral activity. Third, physical fitness increases angiogenesis,
this phenomenon improves capillary density and cerebral
vascularization, which affects cognition processes (Ruiz et
al., 2016).

Gender has been established as one of the confoun-
ding variables in 36.4% of the studies included in one of
the systematic reviews found (Rodriguez et al., 2020); in
this research it is also considered in the same way, since
when the independent variables are the physical capacities
in the female gender, there is no significant correlation
with the academic performance variables. In contrast,
when the independent variables are those of academic
performance in the same gender, there is a moderate po-
sitive correlation between mathematics and reading,

On the other hand, in the results of the correlation of
the male gender, it is evident that strength capacity has a
moderate negative correlation with mathematics and re-
sistance, likewise, there is a moderate negative correlation
with reading; but the academic variables of mathematics
and reading have a moderate positive correlation between
them. These data are divergent from most of the results
found in systematic reviews that analyze the differences
between gender; in one of them it has been possible to
identify that 70% of studies show that the relationship
between physical and cognitive variables in gitls is better,
10% of studies show the opposite result and 20% of stu-
dies find significant differences between genders (Rodri-
guez et al., 2020).

Additionally, other studies that include some varia-
bles close to this research and that could be investiga-
ted in other projects have collected enough information
to conclude that physical fitness is a better predictor of
academic performance than obesity, measured through
the body mass index (London et al., 2010; Wittberg et al,
2012). It has not been determined whether the low acade-
mic performance associated with obesity is due to body
composition itself or to factors derived from it such as
low self-esteem, depression, or social rejection (Santana et
al, 2016; Lima, et al, 2018). In the same way, it is possible
to associate a lower socioeconomic stratum with a lower
level of physical fitness (London, 2010).

Finally, in the review of articles, positive relationships
are found between physical fitness and other variables that
were not included in this study, such as behavior, concen-
tration, diet, excessive use of technology (London et al.,
2010). It can be concluded that the benefits of physical
fitness on aspects related to health, emotions and socie-
ty are very well documented, but it is necessary to study
other variables such as academic performance, executi-
ve functions, and cognition, due to the lack of scientific
evidence and inconsistency of findings (Donnelly et al.,
2016; Wittberg et al., 2012).

Conclusion

Based on this research it can be concluded that in the
total sample there is a strong positive relationship between
the physical capacity of endurance with mathematics
(:.997*%), this same capacity has a weak positive relations-
hip with reading (.355%). Likewise, strength capacity pre-
sents a moderate positive relationship with mathematics
(.573%). The relationship between physical fitness and
academic performance observed in this research aligns
with findings from previous studies, where a relationship
was established in 55% to 80% of cases (Rodriguez et al.,
2020; Santana et al., 20106).

The average result of body mass index, strength and
endurance in the total sample, female and male gender is
in the healthy zone, which is positive because it is consi-
dered that a healthy student performs with greater ease
in cognitive and physical aspects than an unhealthy one,
this due to the condition in which their organs are found,
(Kohl and Cook, 2014; London et al., 2010; Wittberg et
al,, 2012; Lima et al.,, 2018).

Moreover, the average results of mathematics in the
total sample and female gender are at a satisfactory level,
but in the male gender it is advanced. On the other hand,
the academic variable of reading in the total sample, the
temale and male gender are classified as an advanced level.
This is favorable, since research has found that high aca-
demic performance is associated with higher economic
indicators, job opportunities and quality of life in adul-
thood (OECD, 2022).
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In addition, when the results of academic and physical
variables by gender are analyzed, it is evident that the male
sample obtains better results in the variables of mathema-
tics, strength and endurance. On the other hand, when the
results of the female gender are observed in detail, it can
be identified that girls achieve better results in the reading
variable. However, in the physical variables, the girls ob-
tain very low levels of endurance, it is alarming that 55%
are classified as a health risk. In the comparison between
genders, the results are inconsistent, as has been found in
many projects; however, none of them found that physical
condition negatively affects academic performance; on the
contrary, its impact on growth is highlighted and health
(Donelly et al., 20106).

Finally, proposals to improve academic performance in
educational institutions should consider physical fitness as
one of the enhancing elements. It is recommended to do
them based on the methodology established for the crea-

tion of public health programs called HI-5 (Health Im-
pact in 5 years), which aims to generate a positive impact
on the health of the community in a period of 5 years in
a cost-effective way. For this, the strategy called Compre-
hensive School Physical Activity Programs is used, which
requires the intervention of 5 actors to contribute among
all to the enhancement of physical condition and thus fa-
vor the academic performance of students. Firstly, the ins-
titution must guarantee the curricular development of the
Physical Education subject, secondly, the Physical Educa-
tion department will be in charge of promoting activities,
tournaments and events during free time spaces. Thirdly,
the family will contribute to the education on physical ac-
tivity at home, fourthly, the teachers of other areas will
support the project with active breaks in the class sessions
and finally the student will try, whenever possible, to en-
roll in an activity that promotes physical and mental health
before or after the school day (CDC, 2022).
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