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Engagement in sports and children’s cognitive abilities:
an analysis of executive functions?

Summary: Studies examining the correlation between children’s participation in sports activities
and their executive functions (EFs) are relatively scarce, especially those that control the impact of par-
ticipants’ intelligence. This research aimed to compare the EFs of children engaged in sports with those of
their non-athletic peers, while controlling the impact of intelligence. Additionally, it compared the EFs
of children participating in open skills sports (OSS) with those practicing closed skills sports (CSS). The
sample included 83 participants (53% girls), aged 9-11 years, of whom 40 engaged in sports during their
leisure time. Intelligence was evaluated using Raven’s Progressive Matrices, while working memory was
assessed using tasks such as Digit Span Backward and Figure Span Backward. Inhibitory control was
measured using the Dodrill’s Stroop Test and the Go/No-Go task, while cognitive flexibility was evaluat-
ed with the Wisconsin Card Sorting Test. Planning skills were assessed using the Twenty Questions Task
and the Tower of London. The results revealed that children engaged in sports achieved better outcomes
only in nonverbal working memory compared to the non-athletes. Involvement in OSS, rather than CSS,
is associated with superior performance in nonverbal working memory. The findings suggest that engag-
ing in cognitively stimulating physical activities holds potential benefits for the cognitive development of
typically developing children. The observed relationship between sports activities and working memory
further implies potential benefits for children with neurodevelopmental disorders. This underscores the
necessity for additional research aimed at exploring specific mechanisms and adapting interventions to
foster cognitive development in this group of children.

Keywords: executive functions, nonverbal working memory, sport, open skills sports, closed skills sports.

1 natasabuha@fasper.bg.ac.rs
® https://orcid.org/0000-0002-8568-6309
2 This study is part of the project “Creating a Protocol for Assessing Educational Potentials of Children with Disabilities” funded by the
Ministry of Science, Technological Development and Innovation of Serbia (no 451-03-66/2024-03/ 200096).
Copyright © 2024 by the publisher Faculty of Education, University of Belgrade, SERBIA.

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original paper is accurately cited.

17



Natasa S. Buha, Bojan Z. Ducic, Mirjana M. Japundza-Milisavljevié

Introduction

Regular physical activity, encouraged from an
early childhood, is essential for a healthy lifestyle,
as it helps alleviate common health problems such
as obesity, hypertension, anxiety, and depression,
while also reducing the risk of the cardiovascular
disease-related morbidity and mortality (Fitzgerald
et al., 2022). This emphasis on the benefits of phys-
ical activity extends to brain health and cognitive
functions. Research findings link physical activity
and fitness to cognitive development in neurotypi-
cal children and adolescents, particularly regarding
executive functions (EFs) (e.g. de Greeft et al., 2018;
Xue et al., 2019), which consequently influences ac-
ademic performance as well (Giordano et al., 2021).
The positive influence on cognitive functioning aris-
es not only from biological changes in the brain, but
also from improvements in emotional well-being
(Popov & Jakovljev, 2017).

Executive functions

EFs represent higher-level cognitive process-
es that manage the functioning of the lower-level
processes, facilitating goal-directed behavior (Fried-
man & Miyake, 2017). They are activated during so-
cial interactions and in novel, non-routine, and
complex tasks in everyday life situations. Executing
complex, goal-directed behavior requires adjust-
ing thoughts and actions flexibly, overriding habit-
ual behaviors, and holding relevant information in
mind while pursuing goals (Diamond, 2013). There
is a consensus on three fundamental EFs: inhibitory
control, working memory, and cognitive flexibility
(Friedman & Miyake, 2017). These core EFs are the
building blocks of complex functions such as rea-
soning, problem-solving, and planning (Diamond,
2020).

Inhibitory control is thought to be responsi-
ble for stopping inappropriate actions, suppressing
outdated or unwanted mnemonic representations,
and avoiding distractions from an active focus of at-

tention (see Wessel & Anderson, 2024). It includes
interference control (selective attention and cogni-
tive inhibition) and response inhibition (resisting
temptations and suppressing impulsive behavior)
(Diamond, 2020). While both aspects of inhibition
are crucial for academic performance (Coulanges et
al., 2021; Isbell et al., 2018) and mental health (e.g.,
Diaz-Marsa et al., 2023; Harfmann et al., 2019), re-
sponse inhibition specifically predicts involvement
in undesirable behaviors like unhealthy diet (e.g.,
McGreen et al., 2023), internet gaming addiction
(e.g., Ding et al., 2014), excessive social network-
ing (e.g., Gao et al.,, 2019), cigarette smoking (e.g.,
Mashhoon et al., 2018), and substance abuse (e.g.,
Dousset et al., 2022).

Working memory (verbal and visual-spatial)
involves retaining and mentally manipulating infor-
mation. It is essential for understanding language
(written and spoken), translating instructions into
plans, assimilating new information, exploring op-
tions, and linking information to infer principles
or relationships between various pieces of informa-
tion or ideas (Diamond, 2013). It impacts academ-
ic achievement (Giofre et al., 2018) and is linked
to health issues such as childhood obesity (Wu et
al., 2017), psychiatric disorders (Chai et al., 2018;
Yamashita et al., 2018), and neurodevelopmental
disorders (Alloway, 2018).

Cognitive flexibility, as opposed to rigidity,
builds upon inhibition and working memory, fa-
cilitating active switching between rules or aspects
of complex tasks and situations. It allows individ-
uals to adapt objectives and behaviors in response
to changing environments, i.e. to shift perspectives
spatially and interpersonally, think innovatively,
adapt to new demands or priorities, and seize unex-
pected opportunities (Diamond, 2020). This ability
significantly impacts math performance (de Santana
et al., 2022), reading comprehension (Cartwright et
al,, 2017), social contexts navigation and irony in-
terpretation (Zajaczkowska & Abbot-Smith, 2020),
metaphor use (Willinger et al., 2019), and humor
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development (Curran et al., 2021). Lower cognitive
flexibility in children has been linked to internal-
izing behavior problems (Patwardhan et al., 2021)
and, in adults, to burnout (Lemonaki et al., 2021),
post-traumatic stress disorder symptom severity
(Ben-Zion et al., 2018), and obsessive-compulsive
disorder (Liu et al., 2023), among others.

Complex EFs, enhanced by inhibition, work-
ing memory, and flexibility (Friedman & Miyake,
2017), include planning, problem-solving, reason-
ing, and navigating unfamiliar situations (Diamond,
2020). Suboptimal core EFs lead to difficulties in
tasks with higher cognitive demands, potentially
hindering overall cognitive performance and adap-
tive functioning.

Cognitive benefits of physical activity

Examining physical activity benefits during
childhood and adolescence is crucial, shaping fu-
ture lifestyles with a significant impact on lifelong
health. Recent studies highlight the strong link be-
tween physical activity and attention, concentra-
tion, processing speed, memory, and language pro-
cessing in this population (see Hernandez-Mendo
et al., 2019). Increasing evidence suggests that or-
ganized sports offer greater benefits for EFs com-
pared to mere physical activity (Contreras-Osorio et
al., 2021). Current research trends explore how EFs
improvements through sports vary based on move-
ment characteristics involved in different activities.

Sports can be classified as open or closed
skills, each imposing distinct cognitive demands in-
fluenced by the environment (Knapp, 2024). Open
skills sports (OSS) such as basketball, football, ten-
nis or boxing require perception, attention, plan-
ning, and decision-making in dynamic, unpredict-
able settings. In contrast, closed skills sports (CSS),
such as running, gymnastics, and swimming, in-
volve fewer cognitive demands, are typically per-
formed in predictable environments, and are usu-

ally self-paced.

In adults, athletes in OSS generally show
higher EFs scores than those in CSS (Heilmann et
al., 2022). Additionally, team sports seem to have
a stronger EFs impact compared to individual OSS
(Krenn et al., 2018). However, conflicting findings
exist; some studies report no difference between
sport types, while others suggest CSS could have a
greater influence on EFs (see Heilmann et al., 2022).

As far as children are concerned, research is
limited and results are inconclusive as well. Howev-
er, recent meta-analytic studies indicate positive ef-
fects of longitudinal/chronic physical activity pro-
grams on EFs in children (e.g. de Greeff et al., 2018;
Xue et al., 2019). These effects are moderate to large
for cognitively engaging activities and small to mod-
erate for aerobic activities (de Greeff et al., 2018).
Another meta-analysis (Feng et al., 2023) supports
these findings, showing that sports activities have
varying effects on EFs in children aged 3 to 13 years,
with OSS generally showing greater benefits.

Despite the promising findings, it is impor-
tant to consider potential confounding variables. In-
consistencies in research findings across adult and
pediatric populations may stem from an insuffi-
cient control of variables influencing EFs task per-
formance. Apart from the studied factors, other var-
iables could contribute to varying results among
studies. Research consistently indicates a significant
correlation between intelligence and EFs (e.g. Ar-
dila et al., 2000; Buczylowska et al., 2020; Buha &
Gligorovi¢, 2016; Friedman & Miyake, 2017), show-
ing that individuals with higher intelligence tend to
perform better on EFs tasks. Given this relationship,
controlling the impact of intelligence may be nec-
essary for clarifying the association between phys-
ical activity and EFs. Therefore, this study aims to
examine EFs performance on core and complex EF
tasks in children aged 9-11, both engaged in sports
and those who are not, while controlling the impact
of intelligence. It also seeks to compare EFs perfor-
mance of the children participating in OSS and CSS.
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The significance of this research lies in its nov-
elty as it is the, to our knowledge, the first research
in Serbia to examine the relationship between EFs
and physical activities in children aged 9-11 years.

Method

This study employs a cross-sectional design
to examine the relationship between parent-report-
ed sports activities and cognitive performance as as-
sessed by a comprehensive set of EFs tests/tasks.

With the headmaster’s approval, parents
were briefed on the research goal and procedure at
a parent-teacher meeting. Their questions were ad-
dressed, and they signed a consent form after dis-
cussing it with their children. Intelligence was as-
sessed in group classroom testing, and EFs were
evaluated individually in a quiet school room dur-
ing regular hours by the researchers. All children
were assessed on EFs tasks in the same sequence,
beginning with working memory, followed by in-
hibitory control, cognitive flexibility, and conclud-
ing with planning ability. Participants were select-
ed based on the criteria excluding those with chron-
ic illnesses preventing sports participation, severe
head trauma, neurodevelopmental disorders, and
sensory or motor impairments.

This study is part of the project “Creating a
Protocol for Assessing Educational Potentials of

Table 1. Demographic characteristics of the sample.

Children with Disabilities” funded by the Ministry
of Science, Technological Development and Innova-
tion of Serbia. It was conducted in accordance with
the Declaration of Helsinki principles.

Participants

A total of 83 children, out of which 53% girls, of
age ranging from 9 to 11 years (M = 9.72, SD = 0.55),
were selected from one elementary school in Belgrade,
Serbia. Of these children, 40 (48.2%) participated in
sports during their leisure time. Non-athletes (N = 43;
51.8%) did not engage in sports activities, other than
attending physical education classes at school.

For a detailed analysis, participants engaged
in sports were categorized into two groups (Knapp,
2024): (a) OSS (56.8%) and (b) CSS (43.2%), each
for at least twice a week. There are three missing
data points in the dataset (detailed in Table 1 and
Table 2), resulting in a total of 37 children in the
sport sample for further analysis.

There were no significant age differences be-
tween boys and girls (F = 0.00, df = 1, p = .998), with
both genders evenly represented in the sport and
non-sport groups (x> = 3.42, df = 1, p = .064). How-
ever, boys were more involved in OSS, while girls
were more involved in CSS (x* = 7.47,df = 1,p =
.006). Both sport and non-sport groups had similar
age distributions (F = 0.75, df = 1, p = .390), as did
the OSS and CSS groups (F = 0.01, df = 1, p = .907).

Groups of participants Age Gender Total
M (SD) N (%) N (%)
i girls =27 (62.8)
Non-sport 9.67 (0.57) boys = 16 (37.2) 43 (51.8)
girls = 17 (42.5)
Sport 9.77 (0.54) boys = 23 (57.5) 40 (48.2)
. girls =5(23.8)
Open skills sport 9.73 (0.56) boys = 16 (76.2) 21 (56.8)
Closed skills sport 9.71 (0.51) girls =11 (68.8) 16 (43.2)

boys =5 (31.3)
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Table 2. The type of sports children are engaged in.

Type of sport N Classification

Football 9 Open skills sport

Folk dance 6 Closed skills sport

Taekwondo 5 Closed skills sport

Basketball 4 Open skills sport

Volleyball 3 Open skills sport

Rhythmic gymnastics 2 Closed skills sport

Karate 2 Closed skills sport

Handball 2 Open skills sport

Water polo 2 Open skills sport

Athletics 1 Closed skills sport

Horse riding 1 Open skills sport

Total 37

Measures performance. The Go/No-Go task, focusing on the

A demographics questionnaire, completed by
parents, gathered information on age, sex, develop-
mental and health status of the child, as well as in-
formation regarding sport involvement.

Intelligence was assessed using Raven’s Pro-
gressive Matrices (RPM; for details see Buha &
Gligorovi¢, 2016).

Due to task impurity, individual EFs tasks
often show low correlations (Miyake, 2000). Thus,
multiple measures are needed for a more precise as-
sessment of EFs (Friedman & Miyake, 2017). Con-
sequently, various tasks were used to assess both ba-
sic and complex aspects of executive functioning.

Working memory assessment included a non-
verbal task, such as Figure Span Backward and a ver-
bal task, Digit Span Backward. Detailed descriptions
are in Buha & Gligorovi¢ (2016). The outcome vari-
able for each test was the number of correct answers.

To evaluate inhibitory control, Dodrill’s
Stroop test and the Go/No-Go paradigm were used
(for details see Buha & Gligorovi¢, 2016, 2015). The
Stroop test measured reading color words (Stroop1)
and naming ink color (Stroop2), with the difference
(StroopDift = Stroop2 - Stroopl) indicating ver-
bal inhibitory control. Lower values indicate better

Conflicting Responses set, assessed motor inhibi-
tory control, with the total number of errors as the
outcome variable.

To assess shifting performance (cognitive flex-
ibility), we employed the Wisconsin Card Sort-
ing Test (WCST; for details see Buha & Gligorovic,
2016). The participants were required to discover
the sorting principle, considering the examiner’s
feedback (correct/incorrect) from their previous at-
tempts, and flexibly switch to another sorting prin-
ciple based on the examiner’s cue. For the purpose
of this study, we utilized the percentage of persever-
ative errors, a common indicator of cognitive flex-
ibility, from a set of 10 variables.

Planning ability was assessed using the Twen-
ty Questions Task for the verbal aspect (20QT, for
details see Gligorovi¢ & Buha, 2013) and the adapted
Tower of London for the nonverbal aspect of prob-
lem-solving (ToL, for details see Buha & Gligorovic,
2012). The 20QT measured constraint-seeking
questions (category-based vs. specific-based). The
ToL measured preplanning time (ToLt), indicating
planning efforts (i.e., the duration between observ-
ing the discs and initiating the first movement; long-
er time indicates better performance), and total cor-
rect score (ToLc), indicating planning success.
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Statistical method

Normality assumption was confirmed by z-
scores of skewness and kurtosis (< + 3.29 for sample
size; Kim, 2013). Demographic characteristics were
compared using one-way ANOVA and y? test. Con-
founding variables (age, gender, intelligence) were
assessed with ANOVA and Pearson correlation. In-
telligence correlated with EFs (ranging from .21 to
48, p <.05). Gender did not significantly affect EFs
or intelligence (p < .05), thus it was not considered
a confounding variable. Age correlated significant-
ly only with the Stroop task (r = -.244, p = .026).
Therefore, age was controlled for, along with intelli-
gence, in examining the relationship between sport
engagement and verbal inhibitory control.

Group differences in EFs were analyzed using
one-way ANOVA and ANCOVA. Homogeneity of
variances was assessed with Levene’s test. For groups
showing heterogeneity, the Welch approximation
was applied. Homogeneity of regression slopes was
verified prior to ANCOVA. Significance was set at p
< .05. Post-hoc comparisons with Bonferroni cor-
rection identified specific group differences. The re-
sults included unstandardized beta coefficients (B)
and partial eta square effect sizes (partial n?).

Results

Table 3 presents an overview of the mean
scores and other descriptive data for each test/task
within both the sport and non-sport groups.

The intelligence scores (RPM) of the sport and
non-sport groups did not show significant differenc-
es, as indicated by F(1) = 0.578, p = .449. Descrip-
tive data suggest that individuals in the sport group
exhibit slightly stronger performance in various EF
tasks (VWM, NWM, Stroop test,and WCST). How-
ever, one-way ANOVA results showed no statistical-
ly significant differences (p > .05) between sport and
non-sport groups. The exception was observed in
the NWM task, indicating better nonverbal working

memory among children engaged in sports activi-
ties, F(1) = 5.57, p = .021, partial n* = .06.

These findings, consistent across both NWM
[F(1, 80) = 4.90, p = .030, partial n* = .06] and oth-
er EFs were obtained after controlling the impact of
intelligence by using ANCOVA: VWM [FE(1, 80) =
0.66, p = .418], Go/No-go C [F(1, 80) = 1.14, p =
.290], WCST [F(1, 80) = 0.08, p = .772], ToLc [F(1,
80) = 0.26, p = .612], ToLt [F(1, 80) = 0.81, p =
.372], and 20QT [F(1, 80) = 0.07, p = .794]. Similar-
ly, sports participation did not make a difference on
Stroop variable [F(1, 79) = 0.00, p = .991] after con-
trolling the age effects alongside intelligence.

Intelligence showed significant correlations
with most outcome variables: VWM [F(1, 80) =
23.98, p < .0001, B = .13], NWM [F(1, 80) = 7.87,
p = .006, B = 0.06], StroopDiff [F(1, 80) = 4.88, p =
.030, B = -1.35], Go/No-go C [F(1, 80) =8.99, p =
.004, B = -0.13], WCST [F(1, 80) = 10.22, p = .002,
B =-0.30], ToLc [F(1, 80) = 4.81, p =.031, B = 0.06],
and ToLt [F(1, 80) =4.91, p =.029, B = 1.36].

In summary, participation in sports only ap-
pears to be related to enhanced nonverbal working
memory. When considering both independent vari-
ables together (intelligence and sports involvement),
they accounted for approximately 15% of the vari-
ance, with R? = .148, F(2, 80) = 6.96, p = .002.

EFs in relation to the type of sport

For a more comprehensive understanding of
the data, we conducted further analysis on specif-
ic sports types within the variables to determine if
significant differences exist between them (Table 4).
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Table 3. Descriptive data on the selected measures for sport and non-sport groups.

Min Max M SD

Sport 19 48 34.50 7.49
RPM

Non-sport 16 51 33.21 7.94

Sport 2 12 6.13 241
VWM

Non-sport 2 11 5.60 1.94

Sport 1 10 3.70 1.83
NWM

Non-sport 1 5 2.88 1.29

Sport 62 252 145.35 47.46
StroopDiff

Non-sport 81 247 148.65 40.28

Sport 0 13 4.65 3.34
Go/No-go C

Non-sport 0 11 4.09 3.18

Sport 5 34 14.35 6.54
WCST

Non-sport 6 34 15.16 7.30

Sport 5 14 8.78 2.02
ToLc

Non-sport 6 15 8.91 1.76

Sport 16 269 55.70 56.77
ToLt

Non-sport 17 132 45.49 26.27

Sport 0 80 26.68 24.85
20QT

Non-sport 0 83 27.19 23.91

Legend: RPM= Raven’s Progressive Matrices; VWM = verbal working memory; NWM = non-verbal working memory; StroopDift =
difference between reading and naming on Stroop test; Go/No-go C = total number of errors on Conflicting Responses set;
WCST = Wisconsin Card Sorting Test; ToLc = Tower of London - total correct score; ToLt = Tower of London - preplanning
time; 20QT = Twenty Questions Task.
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Table 4. Descriptive data on the selected measures for open/closed skills sports groups and non-athletes.

Type of sport Min Max M SD
Open 19 48 34.33 9.00
RPM Closed 27 44 35.75 4.52
Non-sport 16 51 33.21 7.94
Open 2 12 6.19 2.60
VWM Closed 2 11 6.00 2.22
Non-sport 2 11 5.60 1.94
Open 1 10 4.05 2.11
NWM Closed 2 6 3.31 1.30
Non-sport 1 5 2.88 1.29
Open 72 239 147.76 41.80
StroopDift Closed 86 252 151.38 53.65
Non-sport 81 247 148.65 40.28
Open 0 13 4.86 3.21
Go/No-goC  Closed 1 12 481 3.75
Non-sport 0 11 4.09 3.18
Open 6 34 14.71 7.17
WCST Closed 5 25 12.94 12.94
Non-sport 6 34 15.16 7.30
Open 5 12 8.67 1.65
ToLc Closed 5 14 9.13 2.50
Non-sport 6 15 8.91 1.76
Open 18 259 52.57 56.42
ToLt Closed 16 269 63.44 62.36
Non-sport 17 132 45.49 26.27
Open 0 80 25.24 25.03
20QT Closed 0 75 29.44 26.59
Non-sport 0 83 27.19 23.91

Legend: RPM= Raven’s Progressive Matrices; VWM = verbal working memory; NWM = non-verbal working memory; StroopDift =
difference between reading and naming on Stroop test; Go/No-go C = total number of errors on Conflicting Responses set; WCST
= Wisconsin Card Sorting Test; ToLc = Tower of London - total correct score; ToLt = Tower of London - preplanning time; 20QT
= Twenty Questions Task.
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The intelligence scores (RPM) of children
did not show significant differences, as indicated
by Welch F(2, 41) = 1.16, p = .323. Additionally, no
significant difference was observed between groups
on EFs variables (p > .05), except for NWM [F(1) =
3.99, p = .022, partial n* = .09].

After controlling for intelligence, significant
differences in NWM remained constant [F(1, 76) =
3.82, p = .026, partial n* = .09]. The adjusted means
did not change significantly showing that levels of
NWM were similar between OSS and CSS groups
(p = .314). However, only OSS group outperformed
non-athletes (p = .022). The significant relationship
between intelligence and nonverbal working memo-
ry was determined, NWM [E(1, 76) = 6.71, p = .011,
B =0.06, partial n* =.08]. Both independent variables
together accounted for approximately 17% of the var-
iance in NWM, R* = .167, F(3, 76) = 5.09, p = .003.

No differences in performance on other EFs
variables were detected across groups: VWM [E(1,
76) = 0.37, p = .692], Go/No-go C [F(1, 76) = 1.03, p
=.360], WCST [F(1,76) = 0.31, p =.736], ToLc [F(1,
76) = 0.24, p =.786], ToLt [F(1, 76) = 0.65, p = .522],
20QT [F(1, 76) = 0.11, p = .898], and Stroop [F(1,
33) =0.39, p = .535].

Intelligence showed significant relationships
with: VWM [F(1, 76) = 22.64, p < .0001, B = 0.14],
StroopDiff [F(1, 33) = 15.12, p < .0001, B = -3.51],
Go/No-go C [F(1, 76) = 10.65, p = .002, B = -0.15],
WCST [F(1, 76) = 8.00, p = .006, B = -0.28], and
ToLt [F(1, 76) = 4.41, p = .039, B = 1.35].

Discussion

This study aimed to compare EFs task perfor-
mance in 9-to-11-year-olds engaged in sports and
those who are not, while controlling the impact of
intelligence. It comprised two main analyses: one
comparing athletes and non-athletes to evaluate the
overall impact of sports on EFs, and another exam-
ining the specific effects of OSS versus CSS. These
analyses aimed to elucidate how various types of

sports activities might be differently related to cog-
nitive functions.

Our findings indicate that children involved in
sports exhibit an enhanced nonverbal working mem-
ory, unaffected by intelligence levels when controlled.
Specifically, including intelligence as a covariate did
not alter the results or diminish the effect size. More-
over, participation in OSS, compared to CSS, was as-
sociated with a superior nonverbal working memory
performance. However, our study did not find signif-
icant effects of sports participation on other EFs do-
mains or modalities. This suggests that while sports
environments may be related to specific cognitive as-
pects in children, these associations may not general-
ize uniformly across all EFs domains.

Our findings generally align with other stud-
ies suggesting that engaging in sports, particularly
open-skill exercises, enhances various domains of
EFs (Alesi et al., 2016; Chikha et al., 2021; Contre-
ras-Osorio et al., 2022; Egger et al., 2019; Formen-
ti et al., 2021; Mazzoccante et al., 2020; Schmidt et
al., 2015). For example, Alesi et al. (2016) observed
an improved visuospatial working memory in chil-
dren participating in OSS such as football compared
to sedentary peers. Similarly, Lopez-Vicente et al.
(2017) linked a low physical activity during early
childhood to reduced visual-spatial working mem-
ory throughout elementary school and adolescence,
highlighting potential long-term benefits of sports
engagement on cognitive development. Active par-
ticipation in sports may enhance working memory
through various mechanisms that operate at differ-
ent levels, ranging from physiological processes (e.g.
Wang et al., 2022) to social interactions and cogni-
tive transfer effect. Alesi et al. (2016) proposed that
the multifaceted environment of sports matches, re-
quiring simultaneous processing of multiple cues,
fosters working memory development. Players must
interpret opponent movements, teammate posi-
tions, and ball trajectory, facilitating cognitive trans-
fer to other domains and enhancing overall cogni-
tive function.
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In contrast to our findings, previous studies
indicate that engagement in OSS, particularly team
sports, positively impacts cognitive functions beyond
working memory, including planning, inhibition, and
cognitive flexibility. Bryant et al. (2021) and Méhring
et al. (2022) observed enhanced cognitive flexibility
in children participating in team sports. An interven-
tion study by Chikha et al. (2021) showed improve-
ments in inhibitory control and mental flexibility
among children engaged in football training com-
pared to controls. Furthermore, Alesi et al. (2016)
found that football exercises also enhance planning
skills. Similar benefits in EFs were reported in chil-
dren involved in handball training (Contreras-Oso-
rio et al., 2022) and interventions using floorball and
basketball games (Schmidt et al., 2015). According to
Alesi et al. (2016), these improvements stem from the
cognitive demands inherent in team sports, requir-
ing problem-solving, quick decision-making, and
impulse control. Successful participation necessitates
adaptation, strategic planning, drawing from experi-
ence, and reactive control.

Although the findings from various studies
suggest that OSS generally benefit cognitive func-
tions, they do not unanimously agree on which spe-
cific functions are affected. For instance, Contreras-
Osorio et al. (2022) found no differences in mental
flexibility, and Schmidt et al. (2015) reported no sig-
nificant improvements in verbal working memory
and inhibition, consistent with the findings of our
research.

Several factors could account for the dispari-
ties in results between current and previous research.
Methodological differences in EFs assessment tasks
may be one such factor. Previous studies often em-
ployed tasks such as the trail-making paradigm to
measure cognitive flexibility (e.g., Chikha et al., 2021;
Mazzoccante et al., 2020), emphasizing a rapid atten-
tion redirection. In contrast, current research em-
ploys the WCST, focusing on set-shifting and strategy
adaptation. While the WCST is widely used to assess
cognitive flexibility, tasks like the Trail Making Test

might better capture sporting demands, highlighting
quick adaptability and attention shifting.

Differences in the findings may also stem from
varying categorizations of sports. Classifications such
as open and closed skills may oversimplify sports
complexities. Sports such as handball and volleyball
may seem more predictable than football or basket-
ball. Furthermore, martial arts, like karate and taek-
wondo, pose classification challenges due to their di-
verse techniques (James, 1995). Kumite or sparring
requires quick, adaptive responses akin to OSS, while
kata or taolu involves rehearsed sequences in con-
trolled settings, aligning more with CSS. We classified
martial arts as a CSS, considering that children at this
stage are still refining their precise movement execu-
tion. Conversely, Russo et al. (2021) and Formenti, et
al. (2021) treated martial arts as OSS.

The inconsistency in classification across
studies complicates the identification of specific ef-
fects associated with each sport. Rather than group-
ing sports broadly, a more detailed understanding of
their effects on cognitive functions, as demonstrated
in intervention studies, can be achieved by analyz-
ing each sport individually. However, when group-
ing sports, it would be beneficial to categorize them
based on environmental predictability, beyond the
open/closed skill spectrum.

Variations in the findings may also stem from
an inadequate control over quantitative aspects of
physical activities, such as participants’ experience
levels, intensity, and duration. Studies by Becker et
al. (2018) and De Greeft et al. (2018) highlight the
importance of controlling for variability in sports
participation, including factors like novice status
and absenteeism. Our study, like Becker et al. (2018)
and Mohring et al. (2022), relied on parental reports
of physical activity rather than objective measure-
ments, potentially introducing biases that could im-
pact the accuracy of results. Future research should
therefore thoroughly investigate these factors to bet-
ter understand how sports activities influence cog-
nitive performance.
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Limitations and recommendations

This research has several limitations that war-
rant consideration when interpreting its findings.
The research design, which involved collecting data
at a single time point, prevents the establishment of
causal relationships between children’s sports par-
ticipation and their levels of EFs. A cross-sectional
design only captures a snapshot of the data at one
specific moment in time, making it difficult to de-
termine the directionality of relationships or iden-
tify potential confounding variables. In other words,
without tracking the changes in sports participa-
tion and EFs over time, it is challenging to ascertain
whether sports participation leads to improved EFs,
whether EFs influence sports participation, or if
other factors altogether drive both variables. There-
fore, longitudinal studies would be crucial for un-
raveling the complex interplay of these variables and
drawing more robust conclusions about their rela-
tionship.

The limited number of participants in this
cross-sectional study restricts the ability to gener-
alize the findings. Additionally, the small number
of participants in sport subsamples may have influ-
enced the findings. Due to uneven distribution of
boys and girls in different sports categories and var-
ying sample sizes, analyzing gender differences was
deemed inappropriate. Future research could ex-
plore this aspect more thoroughly.

Classifying sports into open and closed skill
types can lead to interpretational challenges, as
some sports, like martial arts, possess character-
istics of both categories. This duality complicates
analysis and oversimplifies the complexities of var-
ious sports with regard to their specific influences
on childrens cognitive development. A more nu-
anced examination of individual sports (e.g., foot-
ball, athletics, martial arts, etc.) would be beneficial
for understanding their impact on cognitive func-
tions. Furthermore, categorizing participants based
on a minimum training frequency may obscure re-
sults, as those who train more frequently could af-

fect group homogeneity and influence study find-
ings. Future research should consider more specific
training frequency categories to better understand
the effects of training intensity on outcomes.

The exclusive focus on participants from a
single school in a major Serbian city implies that
additional variables related to their daily routines,
school environment, and home life could have in-
fluenced the outcomes. For example, recent studies
have shown that children engaged in musical train-
ing demonstrate improvements in various aspects of
EFs (e.g. Jaschke et al., 2018). Future studies should
therefore consider controlling for leisure-time ac-
tivities among non-athletes. Moreover, the research
underscores the impact of the socioeconomic envi-
ronment on children’s cognitive development and
brain function (Ursache et al., 2016), as well as the
influence of the body mass index on EFs and the
effects of exercise interventions (Xue et al., 2019),
highlighting the need for future studies to address
these factors as well. While a higher body mass can
hinder the selection of the students for sports ac-
tivities such as football, basketball, volleyball, and
handball (Sindeli¢ et al., 2023), the findings suggest
that the most significant effects of physical activity
on EFs are identified in children with a higher body
mass index (Xue et al., 2019).

Despite these limitations, to our knowledge,
this study is the first to explore EFs differences across
various sports in children, examining domain-spe-
cific and domain-general effects while considering
intelligence. We used age-appropriate tasks, widely
recognized for assessing EFs.

This research underscores the importance of
the structured sports activities for enhancing chil-
dren’s nonverbal working memory. Highlighting
the potential significant impact of OSS on cogni-
tive development can inform the selection of school
and extracurricular activities to support cognitive
growth. Integrating classroom-based physical ac-
tivities that engage cognition and physical exertion
shows promise for improving EFs and academic
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performance, particularly in mathematics (Egger et
al., 2019). These activities can be integrated into ac-
ademic lessons or implemented during recess (see
Webster et al., 2015).

The observed link between sports and work-
ing memory suggests potential benefits for children
with neurodevelopmental disorders as well, high-
lighting the need for further research to explore
mechanisms and tailor interventions for cognitive
development in this group of children.

Conclusion

The study highlights a potential link between
sports activities and cognitive functions in devel-
opmental stages. It emphasizes that physical activ-
ity, especially open skill exercises, may be associated
with cognitive abilities, primarily focusing on non-
verbal working memory. The findings indicate var-
ying associations between sports participation and
different aspects of working memory, with nonver-
bal (visual-spatial) memory showing a significant
relationship while verbal memory does not. This
suggests a potential domain-specific connection be-
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AHTAJKOBAIBE Y CITOPTY 1 KOTHUTUBHE CIIOCOBHOCTMU JEIE:
AHAJIN3A ET3EKYTVBHUX OYHKIUJA

Eisexyinuene ¢pynxyuje (EQ) xoinuimiuenu cy tpouecu suuiel pega Koju 0n1aKuiaeajy xa
Uumy ycmepero ioHauiaree, a aKiiusupajy ce WioOKOM COUUJanHux UHepaKyuja u y Hosum, Kom-
unexcHum cuiiiyayujama. Mehy nayunuyuma gocitioju cainacociti ga dasuune actiexitie EQ uune
UHXUOUTHOPHA KOHTHPONA, pagHa memopuja u koinuitiueHa gnexcudunnocii (Friedman & Miyake,
2017), koju tpegcitiaénpajy ipagueru enemeHili KOMUNEKCHUX PYHKUUja Kao W0 Cy 3aKby4u-
sare, pewiasarve upodnema u inanupare (Diamond, 2020). bBasuune u xomiinexcre E® cy og se-
NuKe 8axcHociiu 3a axagemcko wocimiuinyhe (na dpumep, De Santana et al., 2022) u meHitianto
3gpasmwe (na upumep, Diaz-Marsa et al., 2023). Vmajyhu y eugy ga Hexu ciiomauitou Gaxiiopu
Mmoly mogynupaitiu tiepdopmancy y gomeny ED, og senuke je 8aiHoCmiu ucipaiuiiiu gaxiiope
KOju gouipuHoce wuxo80M OUUUMATIHOM PA360j).

Hosuja ucitipaxcusara ykasyjy Ha 3Ha4ajHy 106e3aHOCH usmehy dusuuxe aKitiuéHOCTAU
U KoTHUlUeHUx cilocodHocimiu, tiocedto EQ (Herndndez-Mendo et al., 2019). Axiiyennu uciipa-
HUBAUKU TAPeHg UCTUiyje KaKo eépcilia tiokpetia y ogpeheHum ciopiiosuma u ipegeugnoueocii
cilopitickoi oxkpyxcerba yiu4y Ha yHaipeherwe ED. Ciiopitiosu ce moly knacudukosaitiv y axiiue-
HOCUIU KOje 3axiliesajy sewiiliuHe OWi6opeHol unu 3aiieoperol uiia, Upu 4emy c6axu WUl ax-
musupa cileyuduure KOIHUTUBHE CHOCOOHOCTAU Y 3A6UCHOCTTIU 0 KAPAKTHEPUCTAUKA OKPYIHetba
(Knapp, 2024). Ciioptiiosu 3acHosanu Ha ottieoperum seuwitiunama (OB), fiofiyili kouwiapke, 3axiie-
6ajy tiepuetyujy, axcry, UiaHuparee u goHouiere 0gayKa y GUHAMUYHOM U Helpeqeugousom ox-
pysHervy, gok cilopitiosu ca 3ailieoperum sewsitiunama (3B), noiyili wpuarea, oSuuHo 3axitiesajy
Marve KOTHUMUBHO aHiaxcosarwe U u3soge ce y tipegeugousum KOHIeKCUma.

Pesynitiattiu gocagawrux uciipaxusarea ykasyjy Ha iio ga ocode xoje ce dase OB ctiopiiio-
euma, tocedHo TUMCKUM cilopitiosuma u3 ose ipyie, umajy dome EQ y tiopehervy ca onuma xoju
cy aniaxoseanu y 3B ciiopiiosuma (Krenn et al., 2018). Mehyitium, uciipanusauxu Hana3u HUcy
YHUDOPMHU; HeKU ayTHopu He HAZA3e 3HAYAjHe pasnuke usmehy ipyila cliopiiosd, gok gpyiu us-
sewiiniasajy o cyupomnum pesyrimiamiuma. Hecknag y nanasuma, Kako Kog ogpacaux, maxo u kog
geue, moxce SUTU H0CTIEUUA HEgOBObHE KOHITIPOTie 6apujadnu Koje cy iosesaHe ca tiepdopmanca-
ma y gomery ED. Jegha og osux sapujadnu je HU60 uriilenexiiyantol gyHkyuoHucara, jep ocode
ca suwum xoeuyujeHiion unitienuienyuje oduuro umajy dome ED, witio uuHu KOHIAPOLY 0601
daxitiopa eaxHom 3a pasymesare ogHoca usmehy pusuuke aximusHocimiu u ED. Citioia je yum
0601 UCTAPAKUBAHA ga UCHUTLA HUBO pa3eoja dasuunux u kominekcHux ED kog geue yspacitia
9-11 ioguna, y 3a6ucHociiiu og iioia ga nu ce ase cUopiiom y ciod0gHO epeme UL He, Y3 KOHILPO-
7y yimuyaja unitienuienyuje. Jlogaitino, osum uciipaxusarvem he duitiu iopehene EQ geye xoja
wmpenupajy OB u 3B ciiopitiose.

33



Natasa S. Buha, Bojan Z. Ducic, Mirjana M. Japundza-Milisavljevié

34

HUcitipancusarvem cy odyxeahena 83 geitietia (53% gesojuuuya), yueHuxa jegre ocHoeHe UiKo-
ne y Beoipagy. Og yxyiinoi époja geue 48,2% ce dasu citopitiom y cnodogro epeme. O8U uciuitianiyu
cy gogauino tiogemwenu y gee ipyie: (a) geua aniaxcosana y OB ciopimiosuma (56,8%) u (0) geua
aniaxosana y 3B ciiopiiosuma (43,2%), koja wipenupajy Hajmarve géa iyiia HegemwHo.

Mnimenuienyuja je tipoyerwena Pasenosum tipoipecusHum maimipuyama; pagHa memopuja
3agayuma pactiona ynasag (6pojesu u guiype ynasag); unxuduiiioprua xouitipona Citipyi itiecitiom
u 3agaitikom Kpenu/citianu, a kolHumiueHa gnexcuduntociti Buckoncun wecitiom copiiuparea xa-
pama. ITnanuparve je ananusupano Tecitiom 20 auitiarea u Jlongorckom Kynom (gettianu o 3agau-
ma moiy ce Hahu y: Buha & Gligorovié¢ (2012; 2015; 2016) u Gligorovic¢ ¢ Buha (2013)).

Hodujenu pesynimiaitiu yxa3yjy Ha o ga je daemwerve CUOPHOM H08e3aH0 ca S0mUM Tio-
citiuinyhem y gomeny nesepdante pagre memopuje. Vnitienuienyuja kao Kosapujaiii Huje 3Ha-
4ajHo usmeHuna peyniiaiie, HUU je yiliuyana Ha upomery senuuune egexitia. Obe He3asucHe
sapujadne 3ajegro (unilienuienyuja u aniaxcosarve y cilopiiy) odjawreasajy oko 15% sapujadu-
Hocitiu pesyniniaitia, R2=.148, F(2, 80)=6.96, p=.002. Jlogaitinom ananusom yiepheto je ga uc-
auimanuyu xoju ce dase OB cliopitiosuma umajy eehu xauayuiiieini HeéepdanHe pagre memopuje,
F(1, 76)=3.82, p=.026, partial n2=.09. Ode He3zasucte sapujadne 3ajegro odjawrvasajy oxo 17%
sapujamce, R2=.167, F(3, 76)=5.09, p=.003. Pasnuxke y ocitianum gomeHuma u moganuiieimiuma EP
HUCY UpucyitiHe.

Haxo ciiopiticke akiliueHoCiy yiiu4y Ha ogpehere KoiHUuiliueHe ciiocodSHOCIIU K0g gelie, 08U
eexiniu ce He moiy ieHepanusosaiiu Ha cée gomere ED. ITosesanociti usmehy clopiickux akiiue-
HOCIU U pagHe memopuje cyiepuuie ga Su 06axee aKiliueHOCTHU MOi/ie KOPUCTHUAY U geyu ca He-
ypopaseojuum topemehajuma, witio Hainawasa towipedy 3a gogamHum UCPANUBALUMA YCMe-
peHum Ha pasymesarve cileyuduuHux MmexaHudama u ipunaiohasare unitiepseHyUja 3a ogpuiKy
HUX080M KOTHUTAUBHOM PA360]Y.

Pesynitiatiiu ose citiyguje moly tomohu goHocuouuma HONURUKA Y 3gPAsCilisy U 00paso-
éawy ga tpeio3Hajy 3Ha4aj clopiicKux aKiueHOCHiU, HAPOHUITO OHUX KOje YKIbYHYjy 6elditiuHe
omisopeHol wuila, y 10domuiary KoiHUmUeHUX pyHxkyuja (pagHe memopuje), a camum wHum u
akagemckol yciiexa geye. Y 08pa3osroj nonuitiuyyu 06U HANA3U HAINAWAEA]y Hoiipedy 3a YKby-
uysarem PUIUUKUX AKTHUBHOCHIY KOje 3aXilie6ajy KOTHUMAUBHU AHIANMAH Y WKOJICKU Tpoipam
- UpoceeiliHu pagHuuu Moly 3aiosapailiu CHipyKiiypupare tpoipame Puduukoi éaciuitiarea,
yeoherve aKiliUBHUX UIKOZICKUX OGMOPA U CHeUUPUUHO GU3AJHUPAHUX AKTAUBHOCTILU Y UPOGYHEHOM
dopasxy. Taxohe, gonocuoyu tonuitiuka ou wpedano ga iogpie 6aHuiKonCKe Cliopiticke tipoipame
kako 6u c6um yueHuyuma ode3deguy pasHoupasan Upuciiyi.

Kmyune peuu: eizexyimiuste gyHxyuje, Heeepdanta pagHa memopuja, ciiopili, oitisopeHe
seuliliute, 3attisopere seuliliute




