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Abstract

The purpose of this study was to analyze the effects of two different types of physical warm-up on selective
attention (AS) and concentration of physical education (PE) students. Warm-up was used as a tool for this
optimization; different variables were applied to compare their effects on students' attention and concentration.
Attention is a frequently studied variable that is associated with success in different settings including academic
and sports. The participants of this study were 160 students (77 girls and 83 boys), who were between 12 and 17
years old. The students were randomly divided into two experimental groups (n = 106) and a control group (n =
54). As a study procedure, an experimental group (n = 55) performed a physical warm-up based on 10 min of
repetitive exercises of moderate intensity that were directed by a direct command and had low cognitive
demands. The other group (n = 51) performed a physical warm-up of equal duration and intensity; however, the
warm-up was based on an open and playful task with many stimuli and a high need for fast decision-making.
Then, the D2 test was used to observe students' attention and concentration. The obtained results showed no
significant differences in attention and concentration according to the type of performed warm-up (p > .05).
However, differences were observed in the effects of these cognitive functions with respect to other variables
such as sex, age, or school year (p < .05). The lack of effectiveness in testing the proposed warm-ups suggests
the need to continue experimenting with different variables (e.g., volume, intensity, teaching style, and stimuli)
to determine their possible effects on students' attentional capacities.
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Introduction

There is now a wealth of research that demonstrates the great benefits, both physical and psychological
and social, to be gained from school-based physical education (PE) classes (Ferkel et al., 2019; Klein and
Hollingshead, 2015; Kulinna et al., 2018; Thorburn, 2017).

However, a WHO report (2018) states that more than 80% of the world's adolescent population does not
achieve the recommended level of physical activity (PA), set at least one hour per day of moderate to extreme
intensity. According to this same source, this situation shows an improving trend, 56% of WHO Member States
have implemented policies to reduce this physical inactivity, which has been agreed to reduce by 10% by 2025.
In this sense, many teachers of PE in Secondary Education have demanded a more significant teaching load in
their subject to develop the contents in an optimal way (Albarracin et al., 2014).

Attention.

Attention is a widely studied concept in today's science, especially in recent years. (Khan and Hillman,
2014). This essential cognitive ability is related to success in academia, sports, and social studies (Perlman et al.,
2014; Rabiner et al., 2016). Also, it is related to several aspects of learning and memory storage, being a crucial
requirement when learning and remembering stored information (Hillman et al., 2003). Therefore, we can
deduce the great importance of this capacity in children and adolescents, a population that is in a constant
formation stage.

The definitions of cognitive constructions, such as attention, are ambiguous (Frey et al., 2015).
Considering that these definitions are prone to be blurred and evolve, this study will follow the pragmatic vision.
Summerfield andEgner (2009) define attention as a mechanism that "relieves the computational burden by
prioritizing the processing of that subset of information that is considered to be most relevant to the objectives of
the organism (p. ...)". Fuentes Melero andGarciaSevilla, (2008), from a more general perspective, define
attention as the mechanism directly involved in the processes of selection, distribution and maintenance of
psychological activity. On the other hand, selective attention (SA) refers to the processes that allow an individual
to select and focus on a particular stimulus for its subsequent processing while at the same time suppressing
irrelevant or distracting information (Stevens and Bavelier, 2012). It is essential to know that the neural regions
involved in the effective deployment of HA show a prolonged period of structural development, which can last
at least 30 years of a person's life (Gogtay et al., 2004). This slow maturation of the influential neural
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architecture for selective attention suggests that, during the school stage, the students' HA is in the process of
development (Tsujimoto, 2008).

Research in this line has also shown that this capacity is sensitive to changes in the environment. Thus,
children from lower socioeconomic backgrounds show reduced SA values about their peers from higher
socioeconomic environments (Stevens et al., 2009). Similar results have been obtained in a study by D'Anguilli
et al. (2008) with an adolescent population. This finding suggests that there are individual differences during
development in the ability to deploy SA. More generally, the results indicate that the capacity to control SA is
developmentally sensitive. Although this capacity is practically available, its control may not be exploited to the
same degree by all children.

In this sense, Stevens and Bavelier (2012), have investigated the possibility that attention is trainable in
itself, concluding affirmatively with its malleability properties. Likewise, Rueda et al. (2005), in their pre/post
attention training study, indicated that children who underwent training showed evidence of improvements in a
neurophysiological measure of selective attention. It is essential to recognize that many factors determine
academic performance. According to Stevens and Bavelier (2012), the appropriate deployment of HA has a
cascade of beneficial consequences on neural processing and, therefore, can have significant effects on several
domains for academic foundations. Similarly, a review by Rueda et al. (2010) has linked aspects of self-
regulatory attention with implications for educational and socio-emotional functioning. Besides, these same
authors also found improvements in standardized measures of 1Q following a program of attention training.
Another study, seeking a more comprehensive analysis, developed an eight-week preschool care training
program that included both activities for children and strategies for parents. Results indicated that after training,
parenting practices improved, parental stress decreased, and behavior, cognition, and brain functions that support
children's attention improved significantly over the control group (Neville et al., 2013).

To the extent that AS skills are relevant to academic foundations and can be improved, they represent a
fundamental education approach. Their power to influence student learning outcomes and teach them to "learn
how to learn" is evidenced by children's progress in traditional academic content (Stevens and Bavelier, 2012). It
is important to mention a concept that goes hand in hand with this ability. We refer to concentration. According
to Buehner et al. (2006), the ability to maintain attention at a high level of intensity and precision is called
concentration. That is to say, once we have selected the stimulus (through selective attention), concentration is
responsible for using the greatest amount of neuronal resources for that stimulus, preventing energy from being
spent on distracting stimuli. This ability to concentrate becomes vital in the present study, while cognitive
research shows its influence on success in any performance field (Moran, 2012). These concepts can lead to
confusion in the scientific literature due to the great diversity of theories and views derived from attention. Even
selective attention has often been defined as concentration.

In the field of Physical Education, attention has also been the object of study by various authors,
insisting on the relationship between physical activity and attention in samples of children or adolescents
(Aguayo et al., 2018; Gallotta et al., 2015; Kulinna et al., 2018; Reigal et al., 2020). However, the results of
these investigations are very different, depending on the variables analyzed. For example, focusing on physical
condition (understood as a chronic aspect), several studies relate greater selective attention to a higher level of
physical fitness, especially aerobic capacity (Guiney and Machado, 2013). Similarly, Reigal et al. (2020), relate a
higher number of weekly hours of physical activity performed by adolescents with better cognitive functioning,
specifically of AS. On the other hand, it has also been recently shown that children's mental functions can
improve acutely after a session of physical activity (Gallotta et al., 2015). However, this improvement may
depend on aspects such as the duration of physical activity (McNaughten andGabbard, 1993), the intensity
(Budde et al., 2010), or the nature of the activity (Budde et al., 2008). In a review, Janssen et al. (2014),
comparisons are made between exercise intensity and its acute effects on attention, determining that an inverted
"U" relationship can be found. With too high an intensity, the positive impact on attention is lost, and similarly
with too light an intensity. Also, Budde et al. (2010) showed more significant advantages in the cognitive
performance of adolescents after performing moderate-intensity PA (50-65% HR max.) compared to high-
intensity PA (70-86% HR max.).

Concerning the duration of PA, Janssen et al. (2014) analyze studies carrying out a physical activity of

between 10 and 45 minutes, show how most studies that worked with a duration of less than or equal to 20
minutes conclude to find significant effects on attention. On the contrary, in Pirrie and Lodewyk's study (2012),
no attention effects are seen after 45 minutes of physical activity.
Finally, about the type of physical activity carried out, Budde et al. (2008) show more significant benefits in
attention and concentration of an adolescent sample after carrying out 10 minutes of coordination exercises than
after carrying out 10 minutes of ordinary physical education (carrying out both activities at the same intensity).
In this sense, the scientific community affirms the influence of physical activity in improving attention.
However, it is essential to bear in mind that physical activity is an aspect that contains various variables (volume,
intensity, nature, context...). Hence, one of the main objectives of current science is to analyze this relationship
"physical activity - attention," according to the different possible variables (Kulinna et al., 2018; Pérez-Lobato et
al., 2016).
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Warm-up

Just as the relationship between physical activity and cognitive performance or the relationship between
warm-up and sports performance has been widely studied, sufficient documentation has been found on warm-ups
and its benefits on cognitive functions as such (Elsworthy et al., 2013). At a general level, according to Woods et
al. (2007), warm-ups are intended to perform two main functions: improve the dynamics of a muscle so that it is
less prone to injury and prepare the person for the demands of exercise. These functions are carried out thanks to
certain physiological changes such as acceleration of metabolic processes, reduction of muscle viscosity,
dissociation of oxygen from haemoglobin at higher plasma oxygen concentrations (which provides more oxygen
to the muscles), increased blood flow due to vasodilation or increased nerve transmission (McArdle et al., 2010).
However, as with the AF-Care relationship, there is also a great deal of interest in understanding the effects of its
various variables, such as duration or intensity. To know which warm-up is the most effective for the objectives
previously set up, Bishop (2003), establishing an increase in muscle temperature as the main objective of warm-
up, states that an intensity of more than 60% of maximum oxygen consumption (VO2max) reduces the
concentration of high-energy phosphates, which would worsen performance in the main task. He, therefore,
suggests using intensities of between 40-60% VO2max to increase muscle temperature without affecting
subsequent performance.

On the other hand, numerous studies focus on the optimal duration of the warm-up and varied results

(Krémar, et al. 2016; Obetko et al. 2020). For example, in some studies, specific improvements were observed
only after a 10-minute warm-up (Jamshidi et al., 2016), whereas another study by Manchado et al. Similarly,
Pardeiro andYanci (2017) observed how a 25-minute warm-up led to a decrease in physical performance in
football players, while Dumitru (2010) observed improvements after 20- and 30-minute warm-ups. In
conclusion, the different studies on optimal warm-up duration suggest that the warm-up should be long enough
to increase body temperature but short enough not to decrease physical performance (Woods et al., 2007). Of
course, intensity should also be considered to meet this objective.
After presenting the different benefits of warming up before physical activity and analyzing the variables that
lead us to perform the optimal warm-up, it is highlighted the lack of scientific literature that relates the warm-up
to the improvement of cognitive abilities. Some examples of these cognitive variables are attention, which would
provide valuable information in physical education and the competitive field. That said, this study will analyze
the acute influence of different warm-ups on the capacity for selective attention and concentration in the school
environment.

Material & methods

Participants

The sample used is made up of 160 students from a secondary school in Valencia. It should be stressed that all
the participants presented an optimal state of health for the test, without physical impediments or psychological
pathologies.

Table 1. Frequency descriptors in percentages for all variables analyzed

VARIABLE VALID PERCENTAGE (N=160)
Male Female

Gender 51,90% 48,10%
Ace 12-13 years 14-15 years 16-17 years

& 55,60% 18,10% 26,30%

Warn-up 1 Warm-up 2 Control group

Warm-up 34,40% 31,90% 33.80%
Instruments

For the data collection, Test D2 (Brickenkamp, 2012) was used, a scientific recognition tool that
belongs to the category of instruments that seek to measure basic psychological processes. This particular test
provides an estimate of selective attention and mental concentration. The test can be taken collectively and lasts
4 minutes and 40 seconds (not including explanations or completing the initial questionnaire). The test grid has
14 rows with 47 characters each, making 659 items that the participant should perceive and analyze quickly.
These elements contain the letters "d" or "p" and may be accompanied by one or two small lines at the top and/or
bottom of each letter. The subject's objective is to carefully and quickly review, from left to right, the stimuli in
each row and mark with a diagonal line the letters "d" with two lines (located above, below, or one above and
one below).

These elements will compose the relevant stimuli (i.e., the important ones and therefore be selected).
All other combinations (the "p" with or without lines and the "d" with one or no line) are considered as irrelevant
or distracting stimuli and, therefore, should not be selected. For this selection of information to be made quickly,
the participants will have 20 seconds to work on each row. At the end of the test, the results are divided into
different variables:
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Table 2. Variables extracted from test D2

SIGLAS VARIABLES CONTENIDO PROPOSITO
TR Total responses The number of elements crossed Measures the processing speed and the
out in total. amount of work done
. The number of relevant elements .
TA Total hits Measures processing accuracy

crossed out.
The number of relevant elements

(o) Omissions attempted but not marked. Measures processing accuracy
. The number of irrelevant elements = It measures the accuracy of processing and
C Commissions L
marked. inhibitory control.
The total effecti .
TOT ¢ total eliectiveness g (O+0C) Measures the overall effectiveness of the test
of the test
CON Concentration index TA-C Indicates the concentration index
VAR Variation rate nghest TR in a row - lowest TR It 1nd1_cates the rate of change (stability of
in a row attention).

Fuente: Brickenkamp (2012)
Procedure and data collection

Once the initial explanations were completed, the students were divided into three random groups, using
the Oxford method. The warm-ups were organised in three separate spaces controlled by a supervisor. Each
group left with its corresponding supervisor, who was responsible for explaining what the warm-up consisted of
(2") and ensuring that the objectives of the warm-up were met.

The variables of the proposed warm-ups were designed for differing only in the nature of their activities, i.e., the
duration was the same for all three groups (10'), and the intensity was considered moderate (except in the control
group, which did not carry out any physical activity).

The following are the warm-ups carried out:

Warm-up 1: Consists of three sub-areas: Firstly, static joint mobility (2'), where the students arrange
themselves in a circle and imitate the supervisor's exercises without making any movement. These simple
exercises consist of the ankles' mobility, knees, hips, waist, wrists, and neck. Each joint is worked on for 20".
The students then run for 3 minutes continuously around an indoor football pitch at a rate of 60%. The race ends
with dynamic joint mobility (5'). Two homogeneous rows are formed, and, on this occasion, the students must
cover a distance of 10 meters (indicated with cones). At the same time, they carry out the different joint mobility
exercises suggested by the supervisor: arms in front, arms behind, arms crossed, waist rotation, knee lifts, heels
to buttocks, side run (x2), cross leg run (x2), back runs, jumps looking for height, run on one leg (x2), straight
strides, diagonal strides, 50-100% progression, sprint, sprint coming out from the back and sprint from sitting. At
the end of each exercise, you return in a continuous race to the starting position.

Warm-up 2: This warm-up is based on the traditional game of "pillar," although with some peculiarities.
The whole game takes place in the space of 15x15 meters, where a student must catch the rest (this one has a bib
in his hand to identify himself). When someone is caught, he receives the bib and becomes the one who pays. On
the other hand, there is also a ball that the person who has it cannot be caught. In this way, students can pass the
ball around with their hands to avoid being caught. Also, the person who pays cannot touch the ball. After a third
of the time has passed, there will be two payers and two balls, which will increase the difficulty of the task.
Finally, after 2/3 of the playing time, there will be three payers and three balls, which will increase the difficulty
again. Given the small playing space and the large number of stimuli that students must attend to quickly and
accurately, this task is very cognitively demanding.

Control group: The students do not carry out any physical activity. They go with their supervisor to sit in a circle
and whisper. These students make up the control group.

Table 3. Main characteristics of the warm-ups carried out

Duration 10° 10° 10°
Intensity Moderated (60-75%) Moderated (60-75%) ]
Method of teaching Direct control Assignment of tasks )
Level of decision-making Null High ]
Number of stimuli to be Scarce (imitate the .

perceived supervisor) High (partners, opponents, balls, space...)

Nature of the stimuli Static (easy to perceive) Dynamic (difficult to perceive)

Nature of the task Analytical task Task Play

Statistical analysis

SPSS statistical software (version 25, SPSS Inc., Chicago, IL) was used for data analysis. First, the
results were focused on extracting, through descriptive statistical analysis, different values such as means,
frequencies (absolute, relative, and cumulative relative), standard deviation, asymmetry, and kurtosis. On the
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other hand, for the analyses focused on comparing variables and the search for significant differences, the
Student T-test (parametric analysis for two independent samples) was used first for those checks involving only
two variables. Secondly, in those cases where the comparison was composed of 3 or more groups, an analysis of
variance was performed using the ANOVA parametric test, with a posthoc analysis using Tamhane adjustment.

Results

Initially, the general results extracted from the sample according to the course and gender variables are
presented in Table 4. Standard deviations, ranges, and the absolute number of subjects for each case are
incorporated in this table.

Table 4. Means and standard deviations in Test D2 measurements

GRADE GENDER TR TA (0] C TR+ TR- CON VAR
M 352,09 136,57 11,57 3,48 31,48 18,09 133,09 13,39
Male SD 50,84 18,49 9,29 4,65 4,33 4,24 18,77 4,28
R 189 73 32 22 15 17 76 19
N 23 23 23 23 23 23 23 23
M 330,57 127,5 11,93 2,32 29,93 16,57 125,18 13,36
12 Female SD 51,55 20,82 9,36 2,6 4,36 5,48 22,08 4,52
R 221 90 40 8 22 27 92 19
N 28 28 28 28 28 28 28 28
M 340,27 131,59 11,76 2,84 30,63 17,25 128,75 13,37
SD 51,86 20,13 9,24 3,67 4,37 4,97 20,83 4,37
TOTAL 237 91 40 22 22 27 93 19
N 51 51 51 51 51 51 51 51
M 333 126,93 14,07 2,71 32,71 16,36 124,21 16,36
Male SD 56,05 21,25 14,2 2,95 6,15 4,72 22,33 7,76
209 87 67 14 26 21 92 34
N 28 28 28 28 28 28 28 28
M 332,92 121,68 19,32 3,28 33,8 15,2 118,4 18,6
) SD 51,74 28 22,24 4,48 6,83 6,17 29,3 9,25
24 Female
R 218 123 109 20 22 26 122 38
N 25 25 25 25 25 25 25 25
M 332,96 124,45 16,55 2,98 33,23 15,81 121,47 17,42
TOTAL SD 53,54 24,56 18,44 3,72 6,44 5,43 25,76 8,49
R 229 130 110 20 26 27 130 38
N 53 53 53 53 53 53 53 53
M 413,06 150,56 22,56 1,38 37,31 20,44 149,19 16,88
Male SD 67,77 30,97 20,67 1,31 6,3 7,31 31,3 7,09
R 268 110 68 4 23 30 112 27
N 16 16 16 16 16 16 16 16
M 443.6 152 33,6 4 394 22,2 148 17,2
30 SD 56,83 30,06 28,23 9,27 5,46 4,44 37,62 5,65
Female
R 184 98 74 30 18 14 128 16
N 10 10 10 10 10 10 10 10
M 424,81 151,12 26,81 2,38 38,12 21,12 148,73 17
SD 6441 30,02 23,94 5,8 5,97 6,32 33,13 6,46
TOTAL R 283 120 76 30 23 30 150 27
N 26 26 26 26 26 26 26 26
M 426,06 158 21,06 1,25 39,12 23,31 156,75 15,81
Male SD 6225 24,16 15,24 1,48 5,61 435 24,33 5,99
R 236 82 61 5 18 14 83 19
N 16 16 16 16 16 16 16 16
M 405,86 142,79 28,79 1,29 38,64 20 141,5 18,64
4 Female SD 738 23,01 23,35 1,94 5,94 4,59 23,63 6,1
R 261 79 71 6 20 15 80 24
N 14 14 14 14 14 14 14 14
M 416,63 150,9 24,67 1,27 38,9 21,77 149,63 17,13
TOTAL SD 6746 24,47 19,49 1,68 5,67 4.7 24,83 6,11
R 263 92 74 6 20 16 93 24
N 30 30 30 30 30 30 30 30

Note: H: Male, M: Female, T: Total, R: Range, TR: total responses, TA: total hits, O: omissions, C:
commissions, CON: concentration index, TR+: line with highest no of elements attempted, TR-: line with lowest
no of elements attempted, VAR: variation or difference index (TR+)-(TR-).
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Firstly, in Table 5, it can be seen that the scores, according to the gender of the subjects, are different. In
this case, the male scores are better than the female ones, both in "total work", "concentration" and "variation"
(since, in the latter, a lower value corresponds to better attention). As regards significance, the results of the t-test
for independent samples allow us to verify that statistically significant differences exist according to gender for
the results of the D2 Test of Attention and Concentration in the variable "Concentration" [t (158)= 2.02; p<.05].
In this case, male students have shown a higher concentration in the test (M=137.7; DT=26.6) than female
students (M=128.9; DT=28.7). However, from this same protocol, no statistically significant differences can be
established for the variables "Total work" [t(158)= 1.55; p>.05] and "Variation" [t(158)=-.920; p>.05], so in
these variables, both boys and girls show a similar degree of attention in Test D2.

Table 5. Results of Test D2 according to gender

Gender Mean Standard Deviation F Sig.
Total work 1;211; - ; ;22? 22 ggé 142 707
Concentration 2/::?111216 B;:;? ;g’ggg ,290 ,591
Variation xizle 1223 ‘;? (1)8 969 326

Concerning the analyses carried out among three or more independent groups, carried out through the
single factor ANOVA test, the relationship between age and the results of the test of care is first detailed. In table
6, the results corresponding to each age range can be seen, in which a clear trend can be seen that reflects better
results as age increases. As for the significance of these differences, the results of the single factor ANOVA test
allow us to check that there are statistically significant differences both in the total work done [F (2, 157)=
24.23; p<.05] and in the concentration [F (2, 157)= 13.059; p<.05]. However, in the variation no significant
differences are determined [F (2,157)= 1,419; p>.05]. Concretely, in the post hoc comparisons of the real work
done, we found statistically significant differences (p>.05) between the ranges 12-13 years and 14-15 years,
between 12-13 years and 16-17 years, and between 14-15 years and 16-17 years. In contrast, for post hoc
comparisons of concentration, we only found significant differences between the age ranges 12-13 and 16-17
and between 14-15 and 16-17. Therefore, we would not find significant differences between 12-13 and 14-15
years.

Table 6. Results of Test D2 according to age

Age Mean Standard deviation | F Sig.
12-13 years 319,66 54,355
14-15 years 352,00 68,612
Total work 16-17 years 394,52 56,638 24,234 000
Total 345,18 65,631
12-13 years 125,89 23,327
. 14-15 years 131,90 34,136
Concentration 16-17 years 150,74 25.164 13,059 ,000
Total 133,50 27,947
12-13 years 15,20 6,604
. 14-15 years 17,14 8,543
Variation 16-17 years 16,93 5.701 1,419 ,245
Total 16,01 6,797

Finally, the analysis of the test results of the warm-ups carried out is presented in Table 7. In this case,
there are no observable trends or statistically significant differences for the total work carried out [F (2, 157)=
1.051; p>.05], the concentration [F (2, 157)= 1.515; p>.05], or the variation [F (2, 157)=0.601; p>.05].

Table 7. Test D2 results as a function of warm-up.

Mean Standard deviation F Sig.
Warm-up 1 355,53 66,715
Warm-up 2 338,92 65,829

Total work Control group 340,54 64.255 1,051 352
Total 345,18 65,631
Warm-up 1 138,45 28,354

c trati Warm-up 2 132,63 25,606 1515 223

oncentration Control group 129,28 29,344 ’ ’

Total 133,50 27,947
Warm-up 1 16,09 5,648
.. Warm-up 2 15,22 6,373

Variation Control group 16,67 8,168 601 549
Total 16,01 6,797
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Discussion

Many studies determine the influence of physical activity on cognitive processes such as attention,
especially in the school setting (Janssen et al., 2014; Khan and Hillman, 2014; Kulinna et al., 2018; Reigal et al.,
2020). However, different effects can be found depending on the type of physical activity performed. For
example, Aguayo et al. (2018) found greater positive effects on attention and concentration after a session of pre-
sport games physical activity than a session of aerobic physical activity. Similarly, Budde et al. (2008) showed
significant improvements in attention and concentration (using Test D2) in adolescents immediately after a
coordination exercise physical education class, compared to another physical education class based on group
sports. On the other hand, Pirrie andLodewyk (2012) studied the effects of moderate to vigorous-intensity
physical activity on different cognitive processes (planning, attention, simultaneous processing, and subsequent
processing). Contrary to the initial hypothesis, they did not find beneficial effects on attention, simultaneous or
successive processing. These results could be due, according to an extensive review on these effects, to the type
of physical activity performed, i.e., variables such as intensity, duration, or the nature of the activity itself can be
defining in producing acute effects on attention or other cognitive processes (Janssen et al., 2014). In the present
study, two intentionally opposed types of physical activity have been selected, one based on mainly aerobic
aspects with a low cognitive involvement (reduction of external stimuli, elimination of decision making,
elimination of social interactions...) and the other based on a high cognitive demand (a large number of stimuli to
be perceived, interaction with peers and adversaries, norms, high decision making, short decision time...) seeking
to study the effects of two opposite activities from a cognitive point of view.

Given the importance of physical activity variables in the effects on attention, Best (2010) talks about
the fact that predominantly aerobic and repetitive exercises probably imply less cognitive activity. Specifically,
he suggested that executive functions, due to the lesser need to direct cognition to the achievement of difficult
goals or coordinate different parts of the body to execute complex movements. This finding leads to the idea that
a physical activity composed by: (1) a greater amount of stimuli to be perceived and interpreted, and (2) an open
nature where the student must process and select a great number of possibilities; could more probably generate
better acute effects in the cognitive functions (eg. attention).

Regarding the duration of the physical activity proposed in this study, it has been decided to work with

ten minutes. This decision has a clear sense: to use these activities as a warm-up before the session. In this way,
an optimization of the attention in the main part of the physical education session is pretended.
Most studies look for conclusions related to academic performance after the physical education class or physical
activity, in general, is finished (Aguayo et al., 2018; Gallotta et al., 2015; Garcia-Hermoso et al., 2020; Klein and
Hollingshead, 2015). However, no studies are found that focus on optimizing learning of both declarative and
procedural knowledge of the physical education subject itself. For this reason, pursuing the analysis of the
effects of short-term physical activity would allow us to use these exercises in more diverse situations, such as,
in this case, warm-up.

There is some research on the duration of physical activity. Janssen et al. (2014) organize numerous
works in their analysis to study the effects on the attention of different durations of physical activity (between 10
and 45 minutes) in children from 4 to 18 years old. Surprisingly, most studies that worked with a duration of 20
minutes or less have acutely found significant effects on attention, including here positive conclusions regarding
specific works of 10 minutes duration. In contrast, studies included in this review, such as Pirrie and Lodewyk
(2012), find no effect on attention after 45 minutes of physical activity. Regarding the analyses extracted from
the present study related to the type of previous physical activity (in this case, considered warm-up), no
significant differences have been found in the results of any of the attention test parameters. Hence, it seems that
the capacity of selective attention and concentration of the students in the sample has not suffered visible
changes after the performance of one warm-up or another. The warm-up students' experimental group
effectiveness was similar to that of the control group of students simply sitting and talking to each other.

Together with the scientific literature referenced in this text, these results suggest the need to continue
analyzing different types of physical activity. Activities with different times and intensities are necessary since
many studies that find benefits suggest that effective strategies can be found that improve attention span and
therefore benefit the educational process. On the other hand, as has been observed, other variables' influence has
also been analyzed to increase rigor and establish a known context. The first of these that has considered has
been gender. At present, it is well known that the biology of men and women presents differences, so inequalities
can also be observed at a functional level. Moreover, several studies have also shown gender differences in
cognitive tasks. However, there is little research in the case of selective attention (Merritt et al., 2007).

Rosell6 andMunar Roca (1994), after their research in this area, concluded that the few differences in
selective attention found between the male and female gender may be significantly conditioned by personality.
Differences between both genders may be related to the degree of activation, which may determine the degree of
attentional capacity. However, these differences are usually not very significant, except for some aspects. For
example, it seems that men correctly perceived 10% more signals in terms of vigil might be capacity than
women. In contrast, from the experimentation with the Stroop test, they found a lower degree of interference in
women, which improves the execution of the test. In this test's execution differences between gender, Merritt et
al. (2007) also found differences from experiments using Posner's basic signaling paradigm. Here, women
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showed greater ability in endogenous signaling tasks, but not in tasks with exogenous signaling. Men, on the
other hand, showed a benefit when faced with invalid signals. In short, at times, slight differences in attention
skills between the genders seem to be found, but the data are not sufficiently precise to draw clear conclusions
(Brickenkamp, 2012). About the present study, significant differences have been found (p=.045) in the
concentration variable of Test D2, being higher in male subjects. However, after reviewing the scientific
literature, this statement should be taken with caution and, it should be understood that secondary factors such as
motivation or competitiveness of students for the subject or for taking the test may have influenced.

Finally, the evolutionary development of subjects and their influence on attention skills must also be
highlighted. In this study, we have taken as a reference for this development the students' variable age. The
results extracted from these variables show us a clear relationship between the evolutionary development of the
students and their capacity of attention and concentration, presenting statistically significant differences in the
variable "age" (analyzed through the ranges: 12-13 years, 14-15 years and 16-17 years).

These results are corroborated by many researches focused on the evolutionary process of cognition in
human beings, especially in the early stages of life. Furthermore, using different measures of observation and
event-related potentials (ERP), more significant changes in the development of selective and sustained care
during the childhood period are indicated (Reynolds and Romano, 2016). In this line, Ridderinkhof and Van der
Stelt (2000) discovered that the processes necessary for attention selection are available already from childhood.
However, the speed and efficiency of these processes increase as the child enters adolescence. Therefore, it can
be concluded that this stage of life will be particularly sensitive to cognitive development.

Conclusions

This study aims to find methods for making a physical education class that will encourage and optimize
the students' learning process. Specifically, we have used warm-up as a tool for this optimization, applying
different variables to compare its effects on the students' attention and concentration. Concerning the specific
results extracted from this research, certain trends can be indicated. Firstly, the gender of the students seems to
have a particular influence on the attention skills, specifically on concentration. The disparity of results in this
area regarding gender differences highlights the need for further research. On the other hand, the human being's
evolutionary development has already been clearly recognized as one of the most influential factors in cognitive
and, precisely, attentional skills. The present study results can corroborate this already established statement,
seeing a clear progression in the abilities of students from twelve to seventeen years old. Furthermore, the
profound sensitivity in cognitive development during these ages makes it crucial to find valid and reliable
methods to support and optimize this progression. Finally, the central aspect of this study, which focuses on
recognizing the acute impact of different types of physical activity (short duration and moderate intensity) on
student attention, shows a trend indicating that:

- an aerobic and joint mobility warm-up, with a direct command teaching style and little cognitive
involvement, does not determine significant changes in attentional skills in the post-activity moment.

- a more open, dynamic, and playful warm-up, with a large number of stimuli with which to interact
and, therefore, a high level of cognitive involvement, has also not shown any tendency towards acute
improvement in attention.

Together with the clarifications in the current scientific literature, these conclusions encourage further study of
the effects of different methods and forms of physical activity to find ways of using physical activity effectively
to benefit individuals. Similarly, it is essential to encourage experimentation in this field, given the positive
impact on education, sport, or merely human development. This greater involvement in the field of physical
activity can be extrapolated to the study of warm-up, which is a great unknown in terms of cognitive effects.
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