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Abstract: Many studies have highlighted the impact of sport on cognitive functioning. However,
more evidence is needed to explain which type of sport is more relevant. The main purpose of
this study was to determine the level of attention span based on the type of sport practiced (open
vs. closed). In addition, this problem was also analyzed based on gender and training hours. The
study sample consisted of 547 participants (27.20% male; 72.80% female), aged between 19 and
35 years old (M = 24.19; SD = 3.74). The “Modrian Images” computerized test, hosted in MenPas Cell
software(MenPas 1.0), was used to assess the attention span. The results showed that athletes playing
open sports have a better attentional span than others playing closed sports. Moreover, this was also
replicated when assessing by gender. Likewise, a greater number of hours in a week participating in
sports is related to a better level of attentional span, being less determinant than the type of sport
practiced. Data obtained suggest that playing open sports would be more related to the greater
development of attention span than playing more closed sports.

Keywords: attention; cognitive functioning; exercise; gender

1. Introduction

Several studies have shown the existence of significant relationships between the
regular practice of physical exercise and sport with cognitive functioning [1]. For example,
more positive development in aspects such as language, working memory, processing
speed, cognitive flexibility or inhibitory control has been observed when physical sport
exercise is performed [2–4]. These functional changes would be modulated by a series of
previous structural changes, which are associated with physical training, and they are, in
parallel, associated with an increase in physical and sport skills [3].

Attention study has aroused great interest in recent years in this context, as well as
well as in the field of cognitive abilities [2,5]. Exploring how attention is related to physical
sport activity practice is relevant because it is an essential cognitive capacity for human
functioning, and it is also linked to other cognitive skills that facilitate the processes of
adaptation to the environment [6–8]. Among other issues, attention contributes to the
selection and appropriate processing of information, facilitating effective responses such as
elaboration and execution [4].

Attention is based on a very complex neurofunctional system [9]. Specifically, its neu-
roanatomical basis is based on a complex subcortical and cortical network of connections,
where several structures, such as the activating reticular system, thalamus, limbic system,
basal ganglia, posterior parietal cortex, prefrontal cortex, anterior cingulate cortex, superior
midbrain colliculi and the cerebellum, are involved [9–18]. Different types of attention, such
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as wakefulness or alertness (arousal), attention span, selective or focal attention, shifting
attention, serial attention, divided, dual or shared attention, readiness attention, sustained
attention and inhibition of automatic responses, can be described [9,15]. Specifically, atten-
tional span is defined as the ability to attend to a broad spectrum of stimuli at the same time,
and it also can be defined as the number of tasks that can be performed simultaneously,
retaining information in the memory in order to be used [5,15]. Three attentional span
modalities can be differentiated: acoustic, auditory–verbal and visuospatial [12,16].

In addition, other research has analyzed the cognitive functioning of athletes in specific
modalities such as tennis, football, archery, basketball, badminton or rugby, etc. [10,19]. One
interesting question is how a type of physical sports practice could affect different cognitive
skills [4,20,21]. Open sports, such as opposition or team sports, are considered to have a
greater variability degree than closed sports, such as individual sports without opponents.
This could imply that athletes practicing these modalities would have greater cognitive
involvement and stimulation, because they must implement more complex mechanisms to
perform effectively [22,23].

In particular, more open and variable sports require steadily making decisions, needing
to handle a large amount of information and selecting which stimuli are relevant for the
game actions. In addition, they must attend to a large set of stimuli, using this information
to make their own decisions as appropriately as possible. Therefore, it is suggested that this
type of sport modality could lead to better attentional development than other disciplines
with lower stimulation [8,24]. For example, the study developed by [25] revealed that
successful football players have a specific visual search strategy where a higher level of
creativity was derived, so they are able to focus attention by short-duration fixations,
providing useful information to interpret the situation. This ability of extracting important
elements from the action environment, according to the author, allows them to respond
even in a dynamic environment where many possibilities could happen.

As previously mentioned, attentional span allows for attention to be distributed over
a broad set of elements [5,15]. In addition, attentional span capacity could be improved
or developed by the practice of a certain strategy [5]. Therefore, it could be considered
that sport practice could contribute to its improvement. Furthermore, this capacity could
be trained and developed more intensely in this type of sport compared to other, more
closed sports because it is necessary to attend to a wide range of stimuli in order to be used
effectively in open sports.

Likewise, there are a number of tools to assess attentional span, such as digit retention
tests (WISC-IV, WAIS), Corsi cubes, the Koppitz VADS test, word ranges, auditory–verbal
span, the TOMAL visual selective test or the McCarthy test [26–32]. There are also other
computerized instruments for attentional span training, such as the MenPas Assessment
Platform Attentional Processes (www.menpas.com) (accessed on 15 January 2022) [33,34],
BrainTrain® (Richmond, VA, USA), Cognifit (Nazrat Ilit, Israel) (www.cognifit.com) (ac-
cessed on 15 January 2022), Luminosity ® (San Francisco, CA, USA) (www.lumosity.com)
(accessed on 15 January 2022) or Brain Fitness (New York, NY, USA) (www.mindsparke.
com) (accessed on 15 January 2022) [35–37].

Specifically, the MenPas software tool, which is used for online attention assessment
and training, offers several applications based on attention (MenPas Cell, Grid, Attention
Processes) [38]. Some of these tasks are Modrian-type tasks (Colors, Pictures, Pairs, Simon,
Stroop), which are based on the Pieter Cornelius Mondrian creative styles and the scien-
tific evidence indicating the activity shown up in the prestriate cortex when a person is
stimulated by the combination of the colored grids in this instrument [39,40]. Specifically,
MenPas Modrian is a software for short-term memory assessment, working memory and
visual attention. The results obtained using this tool are automatically stored in the MenPas
database, in order to be used later for automatic processing [33,34].

As more evidence is needed to explain which type of sport is more relevant, this study
aimed to determine the attentional span differences between athletes practicing open-skill
sports and athletes practicing closed-skill sports. Likewise, in order to limit any possible
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misleading factors and to ensure that the differences did not depend on other factors, they
were also analyzed according to gender and sport participation duration (number of hours
in a week).

2. Materials and Methods
2.1. Participants

The sample was composed of 547 participants, 72.80% (n = 398) female and 27.20%
(n = 149) male. Overall, 61.56% (n = 245) of females played closed sports and 38.44%
(n = 153) played open sports, while 40.27% (n = 60) of males played closed sports and
59.73% (n = 89) played open sports. The age of the sample ranged from 19 to 35 years
old (M = 24.19; SD = 3.74). Inclusion criteria were (a) being between 19 and 35 years old;
(b) engaging in regular sports practice; (c) taking the MenPas Modrian Images 3 × 3 matrix
exercise in the MenPas platform, with a runtime of 30 s and 5 s of interference, and a
difficulty level of 15 different items.

2.2. Instruments and Measurements

MenPas Modrian Images is a computerized tool hosted in MenPas Cell, software
belonging to the online evaluation platform MenPas (www.menpas.com, accessed on 15
January 2022) . This software was developed under the .Net platform, implemented in the
C# programming language using the Visual Studio Integrated Development Environment
(IDE) programming [31,34,38]. MenPas Modrian Images is used to train and assess visual
attention span ability but it also involves other cognitive aspects, such as short-term
memory and working memory. When one logs into the MenPas program, one is asked for
a username and password (Figure 1); then, one must set the size of the matrix (rows and
columns), the number of different images to be used and the time for which one wishes the
images to be displayed (Figure 2). When the program starts, the matrix appears, showing
the images for a predefined time (Figure 3), and after that time, the images will be hidden.
Then, the participant must point out where each image was located by, first, clicking with
the mouse on an image (located below the matrix) (Figure 4) and then on the slot of the
matrix where he/she thinks the image was placed (see https://youtu.be/j-MeHd1aQfM,
accessed on 15 January 2022). Successes and errors for each execution are recorded in the
database, so they can be retrieved later.
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2.3. Procedure

The research team collected data from multiple MenPas Modrian Images executions
between 2019 and 2020. The request to participate in the study and its tutorial were
disseminated by the MenPas platform, allowing participants to perform the exercises
online. These data were stored in the MenPas online platform database. Informed consent
is obtained by the platform when any user registers him/herself and fills in his/her
personal information. Participants are informed, during the registration process, about
which data are being collected, who will have access to them and how they will be used.
As the consent approval is mandatory for user registration, processing and storing scores is
always known and approved. The ethical principles of the Helsinki declaration [41] were
respected throughout the research process. The study was also approved by the ethics
committee (CEUMA, no. 243, 19-2015-H) of the University of Malaga (Spain).
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2.4. Data Analysis

Descriptive and inferential analyses of data were performed. The standardized co-
efficient of skewness and kurtosis was estimated in order to assess the normality of the
variables, as well as the Kolmogorov-Smirnov test. The Mann–Whitney U and Kruskal–
Wallis tests were used to determine possible differences between groups. Cluster analysis
(k-means) was performed to classify the participants into groups according to the type
of sport and the number of weekly hours of physical practice. The level of significance
was set at p < 0.05. Likewise, the effect size was calculated using Cohen’s d. In addition,
Bonferroni correction for multiple comparisons was performed to the minimize type I error.
The SPSS statistical program was used for the statistical treatment of the data (SPSS Inc.
v.25.0, Chicago, IL, USA).

3. Results

Table 1 shows the results obtained in Modrian Images depending on the sports dis-
cipline practiced. It also shows the number of hours per week dedicated to sports prac-
tice. The table shows the mean, standard deviation, skewness, kurtosis and Kolmogorov-
Smirnov values. As can be seen, there was no normal distribution in the data regarding
the range of skewness and kurtosis, and the statistical analysis yielded values between
−1.14 and 1.45, as well as between −1.29 and 4.77, respectively. The Mann–Whitney U test
was performed for comparison between groups (the p-values after Bonferroni correction
were as follows: p < 0.0125, p < 0.0025 and p < 0.00025). There were statistically significant
differences between groups in the number of physical practice hours in all the analyzed
variables. The group that practiced open sports performed the sport activity for fewer
hours (Z = −5.49; p < 0.00025, Cohen’s d = 0.50, 95% CI (0.33, 0.68)), and they had greater
success in the attentional amplitude test (Z = −2.51; p < 0.0125, Cohen’s d = 0.17, 95% CI
(−0.01, 0.34)), as well as a smaller number of errors (Z = −2.68; p < 0.0125, Cohen’s d = 0.12,
95% CI (−0.05, 0.29)) and number of blank responses (Z = −2.51; p < 0.0125, Cohen’s
d = 0.16, 95% CI (−0.01, 0.33)).
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Table 1. (a) Weekly hours of sports practice, as well as hits, errors and blank answers in the Modrian
Images test, according to the sport practiced. (b) Differences depending on the sport practiced.

Closed Sports Open Sports
M SD A K K-S M SD A K K-S

Sports practice 7.22 3.33 −0.52 −1.29 0.31 *** 5.67 2.71 0.63 −0.52 0.18 ***
Hits 5.32 2.67 −0.40 −0.79 0.12 *** 5.78 3.08 −0.54 −1.01 0.17 ***

Errors 1.54 0.72 −1.14 0.01 0.40 *** 1.42 1.25 1.45 4.77 0.26 ***
Blank answers 3.68 2.67 0.40 −0.79 0.12 *** 3.22 3.08 0.54 −1.01 0.17 ***

Note: M = Mean; SD = Standard Deviation; A = Skewness; K = Kurtosis; K-S = Kolmogorov-Smirnov. *** p < 0.001.

Table 2 shows the results obtained in Modrian Images according to the sport practiced
and gender. It also shows the number of hours per week dedicated to sports practice. The
table shows the mean, standard deviation, skewness, kurtosis and Kolmogorov-Smirnov
values. As can be seen, there was no normal distribution in the data for the different
variables. Likewise, the values of skewness (−1.26 and 0.48) and kurtosis (−1.36 and
0.18) were adequate. The Mann–Whitney U test was performed for comparison between
groups (the p-values after Bonferroni correction were as follows: p < 0.0125, p < 0.0025 and
p < 0.00025). There were statistically significant differences between groups in the number
of hours of sports practice for females (Z = −3.96; p < 0.001, Cohen’s d = 0.44, 95% CI (0.24,
0.64)) and males (Z = −3.85; p < 0.001, Cohen’s d = 0.62, 95% CI (0.28, 0.95)) among the
groups of athletes. In addition, female athletes playing open sports had a lower number of
misses (Z = −2.53; p < 0.05, Cohen’s d = 0.13, 95% CI (−0.07, 0.33)).

Table 2. (a) Weekly hours of sports practice, hits, errors and blank answers in the Modrian Images
test, according to the sport practiced and gender. (b) Differences depending on the sport practiced
and gender.

Closed Sports Open Sports
M SD A K K-S M SD A K K-S

(Female)
Sports practice 7.26 3.45 −0.56 −1.36 0.34 *** 5.87 2.62 0.46 −1.01 0.19 ***

Hits 5.43 2.64 −0.48 −0.66 0.13 * 5.78 3.23 −0.53 −1.16 0.19 ***
Errors 1.56 0.69 1.26 0.18 0.41 *** 1.43 1.37 1.59 4.57 0.25 ***

Blank answers 3.57 2.64 0.48 −0.66 0.13 * 3.22 3.23 0.53 −1.16 0.19 *
(Male)

Sports practice 7.08 2.81 −0.22 −0.79 0.16 *** 5.34 2.84 0.94 0.35 0.16 ***
Hits 4.85 2.79 −0.11 −1.09 0.12 *** 5.76 2.82 −0.56 −0.64 0.13 *

Errors 1.50 0.83 −0.81 −0.48 0.37 *** 1.40 1.03 0.70 3.26 0.29 ***
Blank answers 4.15 2.79 0.11 −1.09 0.12 *** 3.24 2.82 0.56 −0.64 0.13 *

Note: M = Mean; SD = Standard Deviation; A = Skewness; K = Kurtosis; K-S = Kolmogorov-Smirnov. * p < 0.05;
*** p < 0.001.

Differences in cognitive performance based on the duration of sports practice by type
of sport were determined. For this, k-mean cluster analyses were performed according
to the number of hours practiced and segmented by type of sport. Four groups were
generated (group 1, n = 128, closed sports and fewer hours of physical practice; group 2,
n = 177, closed sports and greater number of hours of physical practice; group 3, n = 175,
open sports and fewer hours of physical practice; group 4, n = 67, open and greater number
of hours of physical practice). All cases were correctly classified, as the maximum distance
between each case and the center of its group was always less than the distance between
clusters. Table 3 shows the results obtained in weekly physical practice, as well as the
number of hits, errors and blank answers in the Modrian Images test according to the
clusters generated. The table shows the mean, standard deviation, skewness, kurtosis and
Kolmogorov-Smirnov values. As can be seen, there was no normal distribution of the
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data. Regarding the range of skewness and kurtosis, the statistical analysis yielded values
between −1.16 and 1.52, as well as between −1.61 and 4.61, respectively.

Table 3. The number of weekly hours of sports practice is shown, as well as the hits, misses and blank
answers in the Modrian Images test, according to the clusters generated.

Sport Cluster M SD A K K-S

Closed 1 (n = 128) Sports practice (hours) 3.59 1.66 0.10 −1.18 0.15 ***
Hits 4.73 2.82 −0.18 −1.16 0.12 ***

Errors 1.51 0.74 −1.14 −0.22 0.40 ***
Blank answers 4.27 2.82 0.18 −1.20 0.12 ***

2 (n = 177) Sport practice 9.85 .80 −0.61 2.99 0.45 ***
Hits 5.74 2.49 −0.54 −0.38 0.12 ***

Errors 1.57 0.71 −1.16 0.23 0.41 ***
Blank answers 3.26 2.42 0.54 −0.38 0.12 ***

Open
3 (n = 175) Sports practice (hours) 4.21 1.35 −0.21 −1.07 0.18 ***

Hits 5.53 3.17 −0.44 −1.17 0.15 ***
Errors 1.58 1.33 1.52 4.61 0.29 ***

Blank answers 3.47 3.17 0.44 −1.14 0.15 ***
4 (n = 67) Sport practice 9.49 1.27 0.63 1.22 0.31 ***

Hits 6.43 2.77 −0.80 −0.42 0.21 ***
Errors 1.01 0.93 0.09 −1.61 0.27 ***

Blank answers 2.57 2.86 0.77 −0.48 0.21 ***

Note: M = Mean; SD = Standard Deviation; A = Skewness; K = Kurtosis; K-S = Kolmogorov-Smirnov. *** p < 0.001.

Kruskal–Wallis analyses indicated statistically significant differences between clus-
ters (the p-values after Bonferroni correction were as follows: p < 0.0083, p < 0.0016 and
p < 0.00016) in terms of hours of sport practice (χ2= 429.02; p < 0.00016), number of hits
χ2 = 18.60; p < 0.0016), errors (χ2 = 19.57; p < 0.0016) and blank responses (χ2 = 17.98;
p < 0.0016). Table 4 shows the comparisons between groups (Mann–Whitney U) for the
hours of sports practice, as well as hits, errors and blank answers, among the generated
clusters.

Table 4. Differences in the number of weekly hours of sports practice, as well as hits, misses and
blank answers in the Modrian Images test, as a function of the clusters generated.

Mann–Whitney U
1 vs. 2 1 vs. 3 1 vs. 4 2 vs. 3 2 vs. 4 3 vs. 4

Sport practice
Z −15.86 −3.33 −11.57 −16.92 −3.07 −12.16
p <0.00016 <0.0016 <0.00016 <0.00016 <0.0083 <0.00016

Cohen’s d 5.01 0.42 3.84 5.09 0.38 3.97
CI (4.60–5.53) (0.19–0.65) (3.35–4.32) (4.66–5.52) (0.09–0.66) (3.52–4.43)

Hits
Z −3.02 - −4.06 - - -
p <0.0083 - <0.00016 - - -

Cohen’s d 0.38 - 0.61 - - -
CI (0.15–0.61) - (0.30–0.91) - - -

Erros
Z - - −3.76 - −4.48 −3.08
p - - <0.0016 - <0.00016 <0.0083

Cohen’s d - - 0.62 - 0.72 0.46
CI - - (0.31–0.92) - (0.43–1.01) (0.18–0.75)

Blank answers
Z −3.04 - −4.03 - - -
p <0.0083 - <0.00016 - - -

Cohen’s d 0.39 - 0.59 - - -
CI (0.16–0.62) - (0.29–0.90) - - -
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4. Discussion

The aim of this study was to determine any difference in attentional span between
athletes playing closed sports and athletes playing open sports. In addition, analyses have
been carried out according to gender and the amount of weekly training hours, in order
to assess the biases of any possible misleading factor. A computerized tool belonging to
the Attentional Processes software of the evaluation platform MenPas 1.0, called Modrian
Images, has been used to analyze the level of attentional span. The results found show
a lower level of attentional span in those athletes playing closed disciplines compared
to others playing open modalities. However, gender was found to be a less significant
factor. Despite this, the number of weekly hours of physical practice showed significant
differences for each type of sport, which suggests that, combined with the type of sport, it
is a variable that determines the attentional capacity of athletes.

Firstly, differences have been observed according to the type of sport practiced. Ath-
letes playing open sports showed a greater attentional capacity than those playing closed
sports. These differences have been found for hits, errors and blank answers. In other
words, participants who took part in open sports were able to attend to a greater number of
stimuli and to perform tasks with greater precision. The findings are in line with previous
studies that showed how the type of sport could influence the development of attentional
functioning, and specifically those sports subject to greater variability during practice [42].

This suggests that athletes in open modalities could be subjected to greater attentional
training during their training and competitions. Thus, they would attend to a greater
number of stimuli, since they are engaging in more open and variable game dynamics,
where there is a greater amount of information. In this way, these circumstances could have
an impact on cognitive development as there is greater stimulation [41,43]. In the studies
conducted by [44,45], it was highlighted that, when practicing some type of open sport,
athletes are continuously attending to different stimuli; this could be exerting an impact on
the development of their attentional abilities [46].

In general, there are many studies showing how the practice of continuous physical
sports activity has a positive impact on attentional development [2,4]. In this work, it has
been observed that the number of weekly hours of physical practice determines statistically
significant differences for each group of athletes, which suggests that it could be influencing
the development of their attention capacity. However, some aspects should be noted.
Looking at the group of closed sports athletes, the group composed of athletes performing
a greater number of weekly physical exercise hours showed a greater number of correct
answers and fewer blank responses. In addition, looking at the group of open sports
athletes, the group composed of athletes engaging in the most weekly physical practice
only scored better in terms of errors. However, when the groups of athletes were compared
based on the amount of weekly physical practice, there were not so many differences
between groups. In any case, it should be noted that the greatest differences appeared
between the group of closed sports and less physical practice and the group of open sports
and more physical practice. These results suggest that both variables—time of weekly
physical practice and type of sport practiced—condition the development of the evaluated
attentional capacity [12,47].

Secondly, it can be observed that gender did not have any influence on the results, as
some of the previous research carried out by different researchers has demonstrated. In the
study performed by Ducrocq et al. [21], it was found that participants showed a high degree
of attention deficit and hyperactivity disorders such as ADHD. Their study was developed
by observing fencing training with 20 children aged between twelve and fourteen years,
where it was concluded that the attention paid by fencing athletes to strategies positively
influences concentration, sustained attention and tactical execution. Likewise, another
study [48] highlighted the relationship between sport experience and perceptual and
cognitive skills, without gender modifying the results. This study involved 154 people
who underwent cognitive, memory and visuospatial attention tests, and concluded that
there is a relationship between sport and cognition, in such a way that athletes with high
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levels of performance recorded a higher speed of cognitive processing and visual attention,
compared to people not considered athletes [49,50].

Gender did not condition the results. However, there were very few differences
between athletes in open and closed sports when each gender was analyzed separately. A
possible reason for this fact is the amount of physical practice performed by each of the
groups. As can be seen, closed sports athletes trained for more hours per week, including
both men and women. This also occurred when the entire sample was analyzed; the
segmentation into smaller groups and the influence of training time were able to neutralize
the statistical significance. In addition, the Bonferroni correction was used to limit type
I statistical errors. This, which is important in order not to generate false positives, also
limits the strength of the contrasts and reduces the probability of finding greater statistically
significant differences.

There is research linking gender difference with sport [15,18], related to the athlete’s
experience and the number of weekly hours of sport practice. Thus, there are some
studies that suggest that, in fast ball sports, such as volleyball, women would benefit
from a higher cognitive level because of their sport experience [50]. As can be seen in
the aforementioned studies, all of them suggest that the impact of physical sports activity
on cognitive development is not an aspect modulated by gender, but modulated by the
amount and type of sports practice performed, as well as training time [7,51].

This study has some limitations. It is not possible to establish causal relationships
between the study variables. Therefore, it would be interesting to carry out longitudinal
or quasi-experimental studies to determine with greater weight whether the type of sport
generates greater attentional development in athletes. In addition, it would be appropriate
to include groups that do not engage in physical sport activity, which could also help to
determine the differences between practicing and not practicing sports. In addition, it
would be appropriate to explore other cognitive abilities in order to determine whether the
impact of open vs. closed sport is reproduced in other cognitive manifestations. Likewise,
as a future line of research, it is proposed to analyze differences between types of open
sports—for example, between football and basketball, between tennis and paddle tennis
or between football and tennis—to determine whether there could be differences between
open and semi-open modalities, or in different types of technical–tactical development.

5. Conclusions

In conclusion, the results obtained in the present research indicate that athletes playing
sports with greater variability and regularly training for more hours per week, regardless
of gender, have a higher level of attentional span than athletes practicing closed modalities
and who spend less time training.
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