
Academic Editor: Karen Benzies

Received: 23 November 2024

Revised: 27 December 2024

Accepted: 28 December 2024

Published: 31 December 2024

Citation: Andrade-Lara, K.E.;

Serrano Huete, V.; Atero Mata, E.;

Párraga Montilla, J.A.; Herrador

Sánchez, J.; Moreno Marín, A.;

Martínez Redondo, M.; Pozas, D.M.;

Salas Sánchez, J.; Lucena Zurita, M.;

et al. Validation of an Eye–Foot

Coordination Assessment Tool for

Children in Dual-Task Condition. J.

Clin. Med. 2025, 14, 172. https://

doi.org/10.3390/jcm14010172

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Validation of an Eye–Foot Coordination Assessment Tool for
Children in Dual-Task Condition
Karina Elizabeth Andrade-Lara 1 , Víctor Serrano Huete 2, Eva Atero Mata 1, Juan Antonio Párraga Montilla 1 ,
Julio Herrador Sánchez 3, Asensio Moreno Marín 1, Melchor Martínez Redondo 4, Daniel Manjón Pozas 5 ,
Jesús Salas Sánchez 2,6, Manuel Lucena Zurita 5 , José Carlos Cabrera Linares 1,*
and Pedro Ángel Latorre Román 1

1 Department of Musical, Plastic and Corporal Expression, University of Jaén, 23071 Jaén, Spain;
karinandrade9011@gmail.com (K.E.A.-L.); evamaria.atero@ui1.es (E.A.M.); jparraga@ujaen.es (J.A.P.M.);
amm00093@red.ujaen.es (A.M.M.); platorre@ujaen.es (P.Á.L.R.)

2 Department of Physical Education Didactics and Health, International University of La Rioja,
26006 Logroño, Spain; victor.serranohuete@unir.net (V.S.H.); jesus.salassanchez@unir.net (J.S.S.)

3 Department of Sports and Computer Sciences, University Pablo de Olavide, 41013 Sevilla, Spain;
jahersan1@upo.es

4 CEIP Doctor Fleming, 23500 Jódar, Spain; melchor_mr@hotmail.com
5 Escuelas Profesionales de la Sagrada Familia, 23400 Úbeda, Spain; dmanjon@fundacionsafa.es (D.M.P.);

mlucena@fundacionsafa.es (M.L.Z.)
6 Facultad de Educación, Universidad Autónoma de Chile, Temuco 1090, Chile
* Correspondence: jccabrer@ujaen.es

Abstract: Background/Objectives: Eye–foot coordination is essential in sports and daily
life, enabling the synchronization of vision and movement for tasks like ball control or
crossing obstacles. This study aimed to examine both the validity and reliability of an
innovative eye–foot coordination (EFC) test in a dual-task paradigm in children aged
6–11 years and the capacity of this test to discriminate between sex and age. Methods: A
total of 440 schoolchildren aged 6–11 years participated in this cross-sectional study. A
ball control test, involving kicking and catching, was used to assess EFC. The assessment
included three conditions: without interference (WI), with auditory interference (AI), and
with visual interference (VI). Results: The ICCs per the EFC test scores were 0.975 for foot
successes (95% CI = 0.961–0.983; p < 0.001) and 0.747 for foot mistakes (95% CI = 0.611–0.835;
p < 0.001). The SEM for the standing successes was 3.082 (10.81%), and the MDC was 4.860
(17.05%). For the standing mistakes, the SEM was 1.551 (19.33%) and the MDC was 3.452
(43.04%). Moreover, boys had a significantly higher number of successes in the WI, AI, and
VI conditions (p < 0.001, respectively) than girls, although girls had more mistakes than boys
only in the VI condition (p = 0.025). Conclusions: The EFC test showed adequate reliability
and validity. Also, the EFC test showed that performance worsened with interference
regardless of sex and age, especially in girls in the VI condition.

Keywords: dual paradigm; motor competence; coordination test; interference; motor task

1. Introduction
The mastery of fundamental motor skills is the cornerstone of motor development,

providing the building blocks for participation and engagement in physical activity and
sports [1]. These skills are divided into three main domains: locomotor skills (e.g., jumping,
running, crawling, walking), object control skills with a focus on manipulating objects
(e.g., throwing, catching, dribbling, kicking, striking), and stability skills (e.g., balance and
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control) [2]. Therefore, these skills form the foundation of motor competence, reflecting an
individual’s proficiency in performing a variety of motor tasks that require precise control
and effective coordination of the body [3].

Specifically, motor competence is defined as the ability to perform fundamental and
specific motor skills in an efficient, coordinated, and controlled manner [4]. Motor com-
petence reflects a person’s level of performance in specific skills or motor acts, involving
both fine and gross motor coordination [5]. Furthermore, it also encompasses the motor
control, coordination, and sensorimotor processes necessary for coordinated movement
and effective physical activity [6]. In this line, this concept is crucial, as an adequate level
of motor competence facilitates children’s development during daily activities and en-
courages the practice of physical activity [7]. Likewise, in sports, it has a direct impact
on performance, as skills such as speed, agility, and coordination are essential for suc-
cess [8]. In this context, Stodden’s [9] model suggested that greater motor competence in
the early stages of life is associated with greater participation in physical activity. This early
development has a direct relationship with the typical development of children’s motor
competence and nervous system, and their participation in different physical activities
in later life [10]. However, scientific evidence has shown that the levels of fundamental
motor skills in children aged 3 to 10 years are below the established average, with a greater
mastery of locomotor skills than of object control skills [10]. Therefore, motor competence
deficiency can undermine children’s self-confidence [11] and condition their adherence
to physical activity from the earliest stages [2]. In this context, given that the regular
practice of physical activity has positive impacts on cognition [12] and enhances children’s
motor development [13], physical education is the key piece in this connection [14]. In
this regard, physical education through physical exercise and physical activity integrating
diverse and structured motor experiences enhance cognitive and motor development in
children [15]. This interaction has a significant impact on increasing cerebral blood flow,
favouring neuroplasticity and promoting the release of neurotrophic factors, promoting
the development and maintenance of cognitive skills [16]. In addition, physical education
contributes to learning and the acquisition of skills that benefit the holistic development of
students, such as creativity [17], executive function [18], and motor development [13].

In this line, coordination refers to the integration of sensory information (e.g., sight,
touch, proprioception) with motor information to execute precise and controlled actions [19].
Boys often show greater mastery of object control skills than girls [10]. This difference
underscores the role of coordination in physical education, which is often used as an
indicator of motor development and as a factor in the diagnosis and treatment of motor
impairments [20]. Furthermore, developing motor coordination in physical education
supports integral growth and fosters motor autonomy into adulthood, with additional
impacts on physical maturation during puberty [21].

A specific aspect of this integration is eye–foot coordination (EFC), which allows
actions such as following moving objects with the eyes while performing foot and leg
movements to intercept them, or maintaining balance during visually oriented tasks [19,22].
This skill enables a person to execute precise and controlled movements in response to
what their eyes see, an essential ability in daily life [23]. In this context, EFC encompasses
several essential cognitive processes like visual perception to interpret information, selective
attention to focus on specific stimuli, and motor planning to coordinate movements [19].
Also, it involves working memory to retain and manipulate information, spatial processing
to understand the location of objects, and reaction time to respond quickly [22].

Additionally, EFC also includes inhibitory control to suppress inappropriate responses
and cognitive flexibility to adjust movements according to the environment [24]. Further-
more, in EFC, visual attention plays a crucial role in selecting important areas, facilitating
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perception, and guiding movements, as the brain prioritises visual information to coordi-
nate subsequent motor actions [25]. Similarly, saccadic eye movements, which are rapid
and simultaneous movements of both eyes in the same direction, are vital for visual search
and orientation [26]. Therefore, typical EFC performance builds the basis for future tasks
requiring precision, such as driving, as well as improving spatial awareness and reaction
time, which are essential for daily activities and sports [23]. It also helps to identify atypical
development in children [27].

In this context, EFC plays a crucial role, because if children perceive low motor
competence from childhood, they are unlikely to persist, which can lead to demotivation,
lack of adherence to physical activity, and sedentary lifestyles [28]. Previous research has
highlighted that motor skills such as EFC are essential for athletic performance, and also for
cognitive development by enhancing attention, spatial awareness, and reaction time [8,29].
In this context, according to skill acquisition theories, EFC is initially learned through
verbal knowledge and becomes automated with practice [30], implying the use of cognitive
resources to perform EFC with efficiency [24]. Stodden et al. [9] emphasised that failure to
achieve typical motor skill development in middle childhood can limit the development of
advanced skills, participation in physical activities and progress in later stages.

An important issue in EFC is how motor planning and execution are affected by
interference between eye and foot movements [31]. For example, when kicking a ball, the
eyes focus first on the ball, followed by the movements of the body and feet to strike it [32].
This sequence emphasises the coordination between visual attention and motor actions
to ensure task accuracy and efficiency. Typically, in the double-task paradigm, the eyes
move towards the target before the body, highlighting the coordination between visual
attention and motor actions [32,33]. In this context, interference emphasises the difficulty
experienced by the central nervous system in managing multiple motor or cognitive tasks
simultaneously, which can affect the accuracy and efficiency of actions during complex
conditions [34]. Thus, the focus of attention, whether external or internal, significantly
influences motor performance and learning [35].

This interference arises from cognitive overload and competition for attentional re-
sources, hindering the integration of visual and motor information necessary for effective
foot movement coordination [36]. As a result, individuals may experience reduced accuracy,
slower reaction times, and a higher risk of stumbling and falling in daily activities and
sports [37]. In line with this, a study conducted by Buck et al. [38] explored the relationship
between physical fitness and interference control in 74 children aged 7 to 12 years, using the
Stroop test, FitnessGram, and intelligence quotient data. Results showed that older children,
those with higher intelligence quotients, and those with better aerobic fitness showed better
results on the Stroop test. Moreover, the Stroop test has been used in previous studies that
showed that physical fitness improves cognition and executive functions [39–41].

In this sense, the dual-task paradigm, which involves performing two tasks simultane-
ously (e.g., cognitive and motor tasks), requires dividing attention between tasks [36], often
resulting in reduced performance in one or both tasks due to limited cognitive resources,
a phenomenon known as dual-task cost [42]. This dual cost is influenced by factors like
task complexity, task mastery, age-related decline, and task prioritisation, highlighting the
challenges of managing concurrent cognitive and motor demands [43–45]. In the dual-
task paradigm, auditory and visual distractors provided an external focus, reducing the
cognitive demands of the task [21]. However, assessing EFC in dual-task conditions in
children presents challenges due to their slower cognitive and motor development, as well
as their varying levels of attention and coordination skills [46]. Consequently, children and
younger athletes may struggle to concentrate amidst distractions, as their cognitive systems
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are not yet mature enough to filter and process multiple stimuli efficiently [47]. Therefore,
in children, providing instructions is crucial for facilitating the learning of motor skills [48].

To our knowledge, few studies have examined attentional focus in children, high-
lighting the importance of external focus for motor performance and automaticity [49,50].
Subara-Zukic et al. [51] studied unimodal (visual–auditory) sensory distractors using a
dual-task paradigm to understand factors affecting motor performance and attention in
children, whereas Saemi et al. [52] suggested that an external focus improves throwing
accuracy and interceptive skills but benefits experienced children more than novices. More-
over, research on the dual-task paradigm in typically developing children is limited and
has predominantly focused on gait-related tasks [45,53,54] or balance [55].

As regards sex differences, there is no uniform consensus on the existence of dif-
ferences between boys and girls in the domain of fundamental motor skills and motor
competence. Previous studies have identified sex differences [10,56] indicating that boys
tend to have higher competence in object control skills than girls [10,57]. Nevertheless,
other studies have shown that there are no differences between sexes, with a similar mastery
of locomotor skills [58,59]. In contrast, other studies showed that girls have greater control
over fundamental movement skills and motor competence [58,60]. Therefore, studies are
needed to clarify these contradictory results, highlighting a gap in the understanding of
fundamental motor skills by sex.

Childhood is a critical period for physical, motor, and cognitive development, during
which EFC evolves significantly due to skill refinement [21]. However, assessing EFC in
children, particularly within sports contexts, remains challenging due to the subjectivity
of current methods, high costs, and complex testing processes. This underscores the
need for reliable, portable, and standardized EFC assessments to enhance coordination
evaluation, identify motor disorders, and support the recognition of talented children [61].
Therefore, this study aimed to verify the validity and reliability of the innovative EFC
test in a dual-task paradigm in children aged 6–11 years and the capacity of this test to
discriminate between sex and age. We hypothesised that the EFC test designed within
the dual-task paradigm would demonstrate good validity and reliability for assessing
prepubertal children.

2. Materials and Methods
2.1. Participants

This cross-sectional study included 440 schoolchildren aged 6 to 11 years (mean
age = 8.61 ± 1.50 years). The present study involved 5 schools from rural and urban areas
in southern Spain. The schools were selected by convenience sampling, according to their
availability and willingness to take part in this study.

Children were eligible to participate in the present study by meeting the following
inclusion criteria: (a) being enrolled in the school; (b) not having any physical (e.g., motor),
sensory (e.g., visual, hearing or language), intellectual (e.g., Down syndrome), or mental
disabilities; (c) having submitted informed consent signed voluntarily by the parents before
starting the study. In contrast, the exclusion criteria were as follows: (a) the presence
of medical conditions, injuries, or neurological or cognitive disorders affecting motor or
cognitive performance; (b) the absence of attendance at assessment sessions. The initial
number of participants included 461 children; however, 21 children (9 boys and 12 girls)
were excluded as they did not meet the selection criteria due to medical, cognitive, and
motor impairment reports provided by teachers at the school. The study received approval
from the Ethics Committee of the University of Jaén (Code: JUN.21/7.TES) and adhered to
the Declaration of Helsinki (2013) ethics guidelines.
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2.2. Materials and Testing
2.2.1. Anthropometric Measurements

Children were weighed with a weighing scale (Seca 899, Hamburg, Germany), and
their height (cm) was measured barefoot with a stadiometer (Seca 222, Hamburg, Germany).
In addition, their waist circumference (WC) was measured at the umbilical location by
using a non-elastic ergonomic circumference measuring tape (Seca 201, Germany; range:
0–150 cm; accuracy: 1 mm). Body Mass Index was calculated as weight (kg)/height2

(m). The assessment took place during physical education classes with the assistance of
the teacher. In addition, a self-assessment questionnaire (graphs) was used to assess the
pubertal stages [62] according to Tanner’s [63] criteria. The results showed that all children
were classified as Tanner stage 1 (prepubertal).

2.2.2. Eye–Foot Coordination (EFC) Tests

The EFC test and interference modalities were designed and evaluated by a panel
of four experts using the Delphi method [64,65]. The expert panel consensus achieved a
concordance index of 0.759 (Fleiss’ Kappa).

EFC tests measure a child’s competence in kicking a ball and catching it back with the
foot after a bounce off a wall. Children in the EFC test in this study kicked a volleyball
consecutively with their foot (participants could choose the right or left foot depending on
which one had greater ability) towards a marked zone on a wall as fast as possible over a
period of 90 s (Figure 1).
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During the assessment of the EFC test, the score was recorded based on two indicators:
(1) the number of “successes” (when balls entered the marked zone) and (2) the number of
“mistakes” (outside the marked zone). Several balls were available to the children to avoid
wasting time if the child lost control of the ball. This test was designed by an expert panel
(Cohen’s Kappa = 0.796) [64] to assess manipulative skills in children, emphasising its
relevance to ball-kicking abilities and ensuring its reliability and objectivity. Although the
test seems simple, it demands complex skills, including accurate foot timing, assessment of
ball speed and direction, and strength.

2.2.3. Auditory Interference (AI)

A verbal fluency task was used to measure participants’ speed of language production
with 31 simultaneous questions of progressive difficulty (e.g., “Tell me four colours, four
countries, four fruits”, etc.) [53]. Each participant answered a series of questions during the
90 s of the EFC test. Note that participants were assessed individually to avoid bias and
external distractions. The questions were played through loudspeakers at 80–90 dB, located
1.5 m away from the participants. This methodology was based on previous studies that
sought to assess the impact of auditory interference on attention [66].
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2.2.4. Visual Interference (VI)

Visual interference was assessed by displaying red, blue, and green stimuli using
a Witty SEM (WITTY®, Microgate Srl; Bolzano, Italy) [67]. The test consisted of calling
out the colour “red” each time it appeared while running the EFC test. The stimuli were
programmed to appear for 1 s. In addition, a photocell was used to send the input signal to
the Witty SEMs during the 90 s of the EFC test.

In addition, to determine the phenomenon of interference, closely linked to in-
hibitory control processes, the Stroop test was used [68]. This instrument consists of
three slides with 100 items per slide. In the first slide, participants read aloud the words
“RED”, “GREEN”, and “BLUE” printed in black ink. In the second slide, children name
the colours in which “XXXX” was written (blue, green, or red). In the third slide, the
task consists of naming the colour of the ink with which each word is printed, creating a
constant interference (making the colour visible versus naming the printed colour). Each
task has a time limit of 45 s. The Stroop test provides the following scores: (a) first slide,
correct number of words read (“P” word); (b) second slide, correct number of colours
read (“C” colour); and (c) third slide, correct number of items read (“PC” colour–word).
In addition, the Stroop test had the following Cronbach’s alphas: P = 0.78, C = 0.75, and
PC = 0.78 [69]. The total scores reflected the ability to control cognitive interference and
inhibitory control. In addition, the scores obtained by the participants on the Stroop test
variables are reported in Section 3.

2.3. Procedure

First, a schoolteacher informed the researchers about children who could not par-
ticipate due to previous reports of physical or cognitive problems. Assessments were
carried out in five different sessions at the school. In the first session, anthropometric
measurements were recorded, and the Stroop test was completed. In the second to
fifth sessions, the evaluation of the EFC test was started. The test was assessed in three
different conditions: (1) without interference (WI), (2) with auditory interference (AI),
and (3) with visual interference (VI). The children were randomised, and to avoid bias or
distractions, the assessments were carried out in different spaces (without noise). The
time set for each condition was 90 s, and each child made one attempt in each condition.
During the assessment, support staff assisted the children with ball replacement during
the test. Additionally, before the assessment, the teacher conducted a demonstration,
followed by two familiarization trials per child. In the EFC test, the numbers of successes
and mistakes were recorded for each condition. Finally, a retest of the EFC test was
assessed after one week.

2.4. Statistical Analyses

This study’s data were analysed with SPSS (Version 25.0) for Windows (SPSS Inc.,
Chicago, IL, USA), and the level of significance was set at p < 0.05. Prior to starting the
respective analyses, the normal distribution and homogeneity tests (Kolmogorov–Smirnov
and Levene’s test, respectively) were performed.

Findings are expressed as means, standard deviations (SDs), and percentages (%).
We aimed to assess the validity and reliability of the EFC test by evaluating both relative
reliability (test–retest consistency) and absolute reliability, which includes the standard
error of measurement (SEM) and the minimum detectable change (MDC). The SEM was
calculated as the SD of the mean differences between test and retest divided by

√
2 [70].

The quality of the SEM was categorised as “very good”, < 5% of the total score, “good”,
between 5% and 10%, “doubtful”, between 10% and 20%, and “negative”, above 20% [71].
The MDC establishes the limits within which changes in the measurement score can be
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attributed to measurement error. It is calculated as 1.96 ×
√

2 × SEM [72]. To express the
SEM and MDC as percentages, the following formula was used: SEM% or MDC% = (SEM
or MDC/mean) × 100, where the mean is the average of the test and retest scores [73].
In addition, relative reliability was assessed using the intraclass correlation coefficient
(ICC) and Pearson’s correlation (r), together with Bland–Altman plots to show agreement
between the two tests (day 1 and day 2) and to detect outliers. Outliers identified were
reviewed according to predefined criteria. In addition, systematic bias was considered in
the interpretation of the results. A 95% confidence interval (CI) of the mean difference was
used to identify systematic bias.

Differences between conditions were performed using the Mann–Whitney U test and
the Kruskal–Wallis test, and post hoc analysis was performed using the Mann–Whitney U
test. To analyse the relationship between various parameters, partial correlation analysis
(adjusted for age and sex) was used. The magnitude of the correlation between measure-
ment variables was designated as <0.1 (trivial), 0.1–0.3 (small), 0.3–0.5 (moderate), 0.5–0.7
(large), 0.7–0.9 (very large), and 0.9–1.0 (almost perfect) [74]. The significance level was set
at p < 0.05.

3. Results
Regarding absolute reliability, the SEM for the standing successes was 3.082 (10.81%),

and the MDC was 4.860 (17.05%). For the standing mistakes, the SEM was 1.551 (19.33%)
and the MDC was 3.452 (43.04%). The test–retest analysis for the foot successes showed an
initial mean of 28.73 ± 19.30, and the mean of the retest was 28.26 ± 19.69; p = 0.477. In
contrast, for foot mistakes, the initial mean was 7.45 ± 2.94, while the mean of the retest
was 8.59 ± 3.24, p < 0.001, per the difference.

The ICC was 0.975 for foot successes (95% CI = 0.961, 0.983; p < 0.001) and 0.747
for foot mistakes (95% CI = 0.611, 0.835; p < 0.001). Pearson’s correlation analysis also
showed a significant correlation between the initial test and retest for both foot successes
(r = 0.901; p < 0.001) and foot mistakes (r = 0.605; p < 0.001). In addition, the Bland–Altman
plots revealed limits of agreement (±2 SD) of 14.68 and −15.18 for foot successes, and
4.74 and −6.97 for foot mistakes (Figures 2 and 3). There were six participants with
foot successes and three with foot mistakes outside these limits, indicating good overall
agreement between the test and retest sessions.
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The socio-demographic data, the Stroop test, and the EFC test in the three conditions
(WI, AI, VI) by sex are displayed in Table 1. Boys had a significantly higher number of
foot successes in the WI condition (p < 0.001), AI condition (p < 0.001), and VI condition
(p < 0.001). In addition, girls made significantly more foot mistakes in the VI condition
compared to boys (p = 0.025). Also, boys showed a higher percentage of dual-task cost
success during the VI condition compared to girls (p = 0.016). These results indicate
significant differences in EFC performance between boys and girls.

Table 1. Anthropometric measures, Stroop test, and EFC test within three conditions according to sex.

Variables
All

N = 440
Mean (SD)

Boys
N = 223

Mean (SD)

Girls
N = 217

Mean (SD)
p-Value

Age (years) 8.61
(1.50)

8.56
(1.48)

8.65
(1.52) 0.638

Body weight (kg) 33.55
(10.41)

34.04
(10.75)

33.06
(10.07) 0.366

Height (m) 135.05
(11.54)

135.30
(11.85)

134.79
(11.24) 0.603

Body Mass Index (kg/m2)
18.08
(3.75)

18.25
(3.65)

17.92
(3.86) 0.145

Waist circumference (cm) 63.98
(10.28)

64.61
(10.19)

63.35
(10.36) 0.128

Extracurricular physical activity
time per day (hours)

1.37
(1.05)

1.50
(1.13)

1.16
(0.91) 0.231

Stroop test

Words (n) 87.41
(38.70)

87.45
(47.37)

87.38
(27.32) 0.290

Colours (n) 72.89
(53.55)

73.25
(71.01)

72.53
(25.87) 0.093

Words–colours (n) 40.88
(19.54)

40.56
(20.04)

41.21
(19.05) 0.754

Interference (s) −1.49
(24.71)

−0.14
(22.27)

−2.86
(26.97) 0.144



J. Clin. Med. 2025, 14, 172 9 of 17

Table 1. Cont.

Variables
All

N = 440
Mean (SD)

Boys
N = 223

Mean (SD)

Girls
N = 217

Mean (SD)
p-Value

Eye–foot coordination test

# Foot successes (WI) 32.37
(18.33)

37.69
(19.89)

27.09
(14.91) <0.001

# Foot mistakes (WI) 10.17
(7.16)

10.08
(8.36)

10.26
(5.75) 0.101

# Foot successes (AI) 27.20
(16.10)

31.26
(17.48)

23.00
(13.35) <0.001

# Foot mistakes (AI) 13.08
(6.46)

12.73
(6.75)

13.45
(6.13) 0.163

# Foot successes (VI) 26.84
(15.98)

30.87
(17.54)

22.31
(12.65) <0.001

# Foot mistakes (VI) 12.69
(6.60)

12.03
(6.98)

13.44
(6.10) 0.025

% Dual-task cost—successes (AI) −9.33
(38.67)

−10.85
(39.86)

−7.75
(37.45) 0.487

% Dual-task cost—mistake (AI) 65.79
(135.01)

76.29
(167.16)

54.88
(89.60) 0.751

% Dual-task cost—successes (VI) 13.55
(110.61)

19.26
(94.34)

7.14
(126.57) 0.016

% Dual-task cost—mistake (VI) 54.32
(134.84)

68.01
(160.26)

38.83
(96.95) 0.461

WI = without interference; AI = auditory interference; VI = visual interference; # = number of successes or mistakes
in each condition; % = percentage.

Figure 4 displays the differences between boys and girls in the numbers of successes
on the EFC test in the WI, AI, and VI conditions. Boys had a significantly higher number of
successes in the WI (p < 0.001), AI (p < 0.001), and VI (p < 0.001) conditions than girls. The
dotted lines show the linear trends for the boys (blue line) and girls (red line). The linear
trends of successes decreased from WI to VI for both sexes. The slope of decline was less
for boys than for girls. In addition, boys maintained more successes than girls across all
conditions, showing greater consistency in performance.
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The mistakes in the three conditions (WI, AI, VI) of the EFC test between boys and
girls are shown in Figure 5. The results indicate that, in the VI condition, girls made
significantly more mistakes than boys (p = 0.025). The linear trends of mistakes increased
from WI to VI for both sexes. The slope of incline was greater for girls than for boys.
Girls made more mistakes than boys across all conditions, indicating greater variability
in their performance.
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The partial correlation analysis (sex-adjusted) revealed significant associations be-
tween age and successes in the WI (r = 0.441, p < 0.001), AI (r = 0.413, p < 0.001), and VI
(r = 0.400, p < 0.001) conditions, as well as regarding mistakes in the AI condition (r = 0.259,
p < 0.001). Moreover, several correlations were found between EFC performance and the
Stroop test. For example, EFC successes in the WI condition were associated with word
score (r = 0.312, p < 0.001) and words/colours score (r = 0.295, p < 0.001). Likewise, EFC
successes in the VI condition showed an association with word score (r = 0.386, p < 0.001)
and words/colours score (r = 0.284, p < 0.001). Regarding daily time spent in extracurricular
physical activities, a bivariate correlation analysis revealed a significant association with
performance in the WI (r = 0.183, p < 0.05), AI (r = 0.195, p < 0.05), and WI (r = 0.210,
p < 0.05) conditions.

Information regarding the interaction of sex and age on EFC test success perfor-
mance within the three conditions (WI, AI, VI) is presented in Figure 6. The results
showed that boys consistently outperformed girls in EFC successes in all three con-
ditions (p < 0.001, respectively). For example, boys aged 8, 9, and 11 years showed a
higher number of successes in the WI condition (p < 0.001, respectively) and in the
AI condition (p-values ranged from <0.001 to 0.020) than girls. Likewise, in the VI
condition at ages 6, 8, and 9 years (p-values ranged from <0.001 to 0.022), boys were
significantly superior.

In contrast, significant differences in mistakes were found in the VI condition
(p = 0.017), with girls showing more mistakes than boys. In terms of age, both sexes show
a general trend of increasing EFC successes with age (p < 0.001). Significant differences
between the ages of each sex are indicated by lowercase letters in Figure 6.
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4. Discussion
The main findings of the current study indicate that the EFC test demonstrated ade-

quate test–retest reliability within a dual-task condition incorporating auditory and visual
distractors, making it a reliable tool for assessing EFC performance in prepubertal children
aged 6 to 11 years. Furthermore, the test effectively distinguishes between sex and age
groups, which supports its validity for a variety of applications.

Regarding age, EFC performance increased due to natural maturation processes. In
terms of dual-task cost, sex differences were only observed in the cost of the VI condition,
with boys showing higher values than girls. However, the dual-task cost was not influenced
by age. Finally, a relationship was identified between EFC performance and inhibitory
control processes, as well as between daily extracurricular physical activity time and
performance in each of the EFC test conditions.

Concerning our results on sex differences, boys exhibited better performance across all
conditions of the EFC test compared to girls. Similarly, a systematic review conducted by
Bolger et al. [10] showed that fundamental skills and motor competence increase with age
throughout childhood and that boys, from childhood onwards, demonstrate higher levels
of control in object control skills than girls. One possible explanation is that children who
participate in sporting activities demonstrate better motor skills, which highlights the im-
portance of the role of schools in their development and the need to plan effective strategies
to improve teaching in physical education [13]. In addition, our findings seem consistent
with Barnett et al. [57], who found boys to be more proficient in object control versus
girls, who instead excelled in balance and fine coordination; furthermore, competence in
object control in childhood significantly predicts competence in adolescence. Similarly, Piek
et al. [50] found that children who participated in activities involving EFC, such as jumping
and playing ball games, showed significant improvements in gross motor skills. This result
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highlights the importance of focusing on coordination exercises to condition and enhance
motor skills in students [75,76]. Offering a variety of motor activities helps to ensure the
acquisition of a wide range of motor skills and fosters the development of coordination [77].
In contrast to our results, Butterfield et al. [78] found no significant differences between
sexes, despite boys outperforming girls in throwing and kicking.

Regarding the interaction between sex and age, boys consistently had more successes
than girls across all conditions assessed (WI, AI, VI), with significant differences at multiple
ages. Both sexes showed an increase in successes with age, although girls showed greater
variability and a more gradual increase. These differences suggest a significant interaction
between sex and age in EFC test performance. In this line, a meta-analysis by Utesch et al. [6]
concluded that there is a moderately positive relationship between motor competence and
physical fitness, which becomes stronger and increases with age.

In addition, the correlational analyses indicated that age was significantly associated
with EFC successes across all conditions (WI, AI, VI) and with mistakes in the AI condition,
regardless of sex. Furthermore, EFC successes in all three conditions correlated with Stroop
test scores. These findings suggest an interrelationship between age, EFC performance, and
the ability to manage attention, cognitive flexibility, and cognitive interference as measured
by the Stroop test. In this context, EFC skill requires concentration and attention, skills
that improve school performance and promote sensory integration, especially benefiting
children with learning difficulties or developmental disorders [79,80].

In this context, a systematic review by van der Fels et al. [81] explored how motor and
cognitive skills are interrelated in children aged 4–16 years, concluding that motor skills,
especially fine motor skills and bilateral coordination, are significantly associated with cog-
nitive performance. Similarly, Chang et al. [82] concluded that their coordination exercises
improved the allocation of attentional resources and the efficiency of neurocognitive pro-
cessing in children after 16 weeks of intervention using coordination exercises of different
intensities. The importance of neuromuscular coordination in different human movements
lies in the learning and development of skills for the autonomous development of daily ac-
tivities [24]. Likewise, a meta-analysis assessed the relationship between motor competence
and executive functions in children and adolescents, showing that greater competence was
associated with better performance in executive functions including inhibition, working
memory, and cognitive flexibility [7]. This study underlines the importance of promoting
motor competence from an early age to improve cognitive functions in child development.
In addition, the positive association between extracurricular physical activity time per day
and performance in the conditions of the EFC test suggests that participation in physical
activities might be linked to better performance in dual-task conditions and improvement in
motor skills. These results match those observed in earlier studies [13,83]. Therefore, motor
skills, especially fine motor skills and coordination, are crucial for cognitive development
in children. Promoting these skills through targeted activities can significantly enhance
cognitive performance, highlighting the need to integrate motor skill development in early
childhood programmes [84]. Overall, our findings have important implications for the
design of educational and sports programmes that incorporate EFC activities, benefitting
both typically developing children and those with learning difficulties. Promoting EFC
through games, specific exercises, and training technologies can significantly improve
children’s overall development [10].

4.1. Study Strengths and Limitations

This study had several limitations, including that its cross-sectional design did not
allow us to establish cause–effect relationships between age, cognitive function, and dual-
task cost over the course of child development. In addition, there were no inclusions of
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critical variables such as the children’s level of PA, their physical fitness, previous sports
skills of the children, or the influence of external factors. Conversely, although participants
were instructed not to focus on the EFC test or the dual-task conditions, the lack of clarity
about how they prioritised the tasks may have influenced our results.

However, a notable strength of this study is its ecological validity, as the assessments
were conducted in a school setting, which increases the relevance of the findings to real-
world settings. We grant, however, that the field could benefit from larger and more
diverse samples, longitudinal studies, and an interdisciplinary approach to address the
complexities of EFC and maximise its practical applications in education and sports.

4.2. Practical Applications

To our knowledge, there were no standardised protocols to assess EFC in dual-task
conditions, so we proposed an ecological protocol for school and sports contexts, integrating
routine motor activities and assessment indicators like accuracy, reaction time, and general
coordination in children. This approach is the first to analyse the influence of age and
sex in a school population, seeking to improve motor and cognitive development. The
approach might, therefore, improve the accuracy and applicability of assessments of early
childhood coordination.

5. Conclusions
The results of the current study showed that the EFC test had adequate test–retest

reliability. Likewise, the test proved to be reliable in discriminating sex and age differences
in prepubertal children. In addition, children’s performance in the dual-task condition
tended to worsen with the introduction of interference (auditory and visual), regardless of
sex and age. Furthermore, considering that physical education classes play a key role in
improving EFC and motor competence, this ecologically designed test is positioned as an
effective tool for assessing early motor development. In addition, EFC tests can be used to
identify children with atypical development as well as those with exceptional potential.
Therefore, teachers, coaches, and other staff working with children of this age group might
use this test even with limited materials and technological resources.

Author Contributions: Conceptualisation, K.E.A.-L., J.C.C.L., J.A.P.M. and P.Á.L.R.; methodology,
J.C.C.L., V.S.H., E.A.M., A.M.M., M.M.R. and K.E.A.-L.; software, J.C.C.L., E.A.M., J.A.P.M. and
P.Á.L.R.; validation, J.A.P.M., J.H.S., M.L.Z. and J.C.C.L.; formal analysis, K.E.A.-L., V.S.H. and
P.Á.L.R.; investigation, K.E.A.-L., M.L.Z., J.H.S., D.M.P. and J.S.S.; data curation, K.E.A.-L., J.S.S.,
P.Á.L.R. and J.C.C.L.; writing—original draft preparation, J.A.P.M., M.M.R., J.C.C.L. and K.E.A.-L.;
writing—review and editing, K.E.A.-L., J.C.C.L., J.A.P.M. and P.Á.L.R.; supervision, J.A.P.M., D.M.P.,
M.L.Z. and P.Á.L.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Bioethics Committee of the
University of Jaén (Code: JUN.21/7.TES; Date: 29 July 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, upon reasonable request.

Acknowledgments: We are grateful to the students and schools that took part in this study.

Conflicts of Interest: The authors declare no conflicts of interest.



J. Clin. Med. 2025, 14, 172 14 of 17

References
1. Logan, S.; Kipling Webster, E.; Getchell, N.; Pfeiffer, K.A.; Robinson, L. Relationship Between Fundamental Motor Skill Com-

petence and Physical Activity During Childhood and Adolescence: A Systematic Review. Kinesiol. Rev. 2015, 4, 416–426.
[CrossRef]

2. Vandoni, M.; Marin, L.; Cavallo, C.; Gatti, A.; Grazi, R.; Albanese, I.; Taranto, S.; Silvestri, D.; Di Carlo, E.; Patanè, P.; et al. Poor
Motor Competence Affects Functional Capacities and Healthcare in Children and Adolescents with Obesity. Sports 2024, 12, 44.
[CrossRef]

3. Sortwell, A.; Behringer, M.; Granacher, U.; Trimble, K.; Forte, P.; Neiva, H.P.; Clemente-Suárez, V.J.; Ramirez-Campillo, R.;
Konukman, F.; Tufekcioglu, E.; et al. Advancing Sports Science and Physical Education Research Through a Shared Understanding
of the Term Motor Performance Skills: A Scoping Review with Content Analysis. Int. J. Kinesiol. Sports Sci. 2022, 10, 18–27.
[CrossRef]

4. Cattuzzo, M.; dos Santos Henrique, R.; Nicolai Ré, A.; Santos de Oliveira, I.; Machado Melo, B.; de Sousa Moura, M.; Cappato de
Araújo, R.; Stodden, D. Motor Competence and Health Related Physical Fitness in Youth: A Systematic Review. J. Sci. Med. Sport
2016, 19, 123–129. [CrossRef]

5. Sigmundsson, H.; Newell, K.; Polman, R.; Haga, M. Exploration of the Specificity of Motor Skills Hypothesis in 7–8 Year Old
Primary School Children: Exploring the Relationship Between 12 Different Motor Skills from Two Different Motor Competence
Test Batteries. Front. Psychol. 2021, 12, 631175. [CrossRef]

6. Utesch, T.; Bardid, F.; Büsch, D.; Strauss, B. The Relationship between Motor Competence and Physical Fitness from Early
Childhood to Early Adulthood: A Meta-Analysis. Sports Med. 2019, 49, 541–551. [CrossRef]

7. Burton, A.; Cowburn, I.; Thompson, F.; Eisenmann, J.; Nicholson, B.; Till, K. Associations Between Motor Competence and
Physical Activity, Physical Fitness and Psychosocial Characteristics in Adolescents: A Systematic Review and Meta-Analysis.
Sports Med. 2023, 53, 2191–2256. [CrossRef]

8. Mancini, N.; Di Padova, M.; Polito, R.; Mancini, S.; Dipace, A.; Basta, A.; Colella, D.; Limone, P.; Messina, G.; Monda, M.; et al. The
Impact of Perception-Action Training Devices on Quickness and Reaction Time in Female Volleyball Players. J. Funct. Morphol.
Kinesiol. 2024, 9, 147. [CrossRef]

9. Stodden, D.; Langendorfer, S.; Goodway, J.; Roberton, M.; Rudisill, M.; Garcia, C.; Garcia, L. A Developmental Perspective on the
Role of Motor Skill Competence in Physical Activity: An Emergent Relationship. Quest 2008, 60, 290–306. [CrossRef]

10. Bolger, L.; Bolger, L.; O’Neill, C.; Coughlan, E.; O’Brien, W.; Lacey, S.; Burns, C.; Bardid, F. Global Levels of Fundamental Motor
Skills in Children: A Systematic Review. J. Sports Sci. 2021, 39, 717–753. [CrossRef]

11. Roth, K.; Ruf, K.; Obinger, M.; Mauer, S.; Ahnert, J.; Schneider, W.; Graf, C.; Hebestreit, H. Is There a Secular Decline in Motor
Skills in Preschool Children? Scand. J. Med. Sci. Sports 2010, 20, 670–678. [CrossRef]

12. Donnelly, J.; Hillman, C.; Castelli, D.; Etnier, J.; Lee, S.; Tomporowski, P.; Lambourne, K.; Szabo-Reed, A. Physical Activity, Fitness,
Cognitive Function, and Academic Achievement in Children. Med. Sci. Sports Exerc. 2016, 48, 1197–1222. [CrossRef]

13. Canli, T.; Canli, U.; Taskin, C.; Aldhahi, M. Motor Coordination in Primary School Students: The Role of Age, Sex, and Physical
Activity Participation in Turkey. Children 2023, 10, 1524. [CrossRef]

14. Carcamo-Oyarzun, J.; Herrmann, C.; Gerlach, E.; Salvo-Garrido, S.; Estevan, I. Motor Competence, Motivation and Enjoyment in
Physical Education to Profile Children in Relation to Physical Activity Behaviors. Phys. Educ. Sport Pedagog. 2023, 1–16. [CrossRef]

15. Tilp, M.; Scharf, C.; Payer, G.; Presker, M.; Fink, A. Physical Exercise During the Morning School-Break Improves Basic Cognitive
Functions. Mind Brain Educ. 2020, 14, 24–31. [CrossRef]

16. Jing, J.; Jia, S.; Yang, C. Physical Activity Promotes Brain Development through Serotonin during Early Childhood. Neuroscience
2024, 554, 34–42. [CrossRef]

17. Latorre-Román, P.; Pantoja Vallejo, A.; Berrios Aguayo, B. Acute Aerobic Exercise Enhances Students’ Creativity. Creat. Res. J.
2018, 30, 310–315. [CrossRef]

18. Hillman, C.; Pontifex, M.; Castelli, D.; Khan, N.A.; Raine, L.; Scudder, M.; Drollette, E.; Moore, R.; Wu, C.-T.T.; Kamijo, K. Effects of
the FITKids Randomized Controlled Trial on Executive Control and Brain Function. Pediatrics 2014, 134, e1063–e1071. [CrossRef]

19. Manto, M.; Bower, J.; Conforto, A.; Delgado-García, J.; Da Guarda, S.; Gerwig, M.; Habas, C.; Hagura, N.; Ivry, R.; Marien, P.; et al.
Consensus Paper: Roles of the Cerebellum in Motor Control—The Diversity of Ideas on Cerebellar Involvement in Movement.
Cerebellum 2012, 11, 457. [CrossRef]

20. Huxhold, O.; Li, S.; Schmiedek, F.; Lindenberger, U. Dual-Tasking Postural Control: Aging and the Effects of Cognitive Demand
in Conjunction with Focus of Attention. Brain Res. Bull. 2006, 69, 294–305. [CrossRef]

21. Romeu, J.; Camerino, O.; Castañer, M. Optimising Motor Coordination in Physical Education, an Observational Study. Apunt.
Educ. Fis. Deport. 2023, 153, 67–78. [CrossRef]

22. Millard, L.; Breukelman, G.; Mathe, N.; Shaw, I.; Shaw, B. A Review of the Essential Visual Skills Required for Soccer: Beyond
20–20 Optometry. Front. Sports Act. Living 2022, 4, 965195. [CrossRef]

https://doi.org/10.1123/kr.2013-0012
https://doi.org/10.3390/sports12020044
https://doi.org/10.7575/aiac.ijkss.v.10n.3p.18
https://doi.org/10.1016/j.jsams.2014.12.004
https://doi.org/10.3389/fpsyg.2021.631175
https://doi.org/10.1007/s40279-019-01068-y
https://doi.org/10.1007/s40279-023-01886-1
https://doi.org/10.3390/jfmk9030147
https://doi.org/10.1080/00336297.2008.10483582
https://doi.org/10.1080/02640414.2020.1841405
https://doi.org/10.1111/j.1600-0838.2009.00982.x
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.3390/children10091524
https://doi.org/10.1080/17408989.2023.2265399
https://doi.org/10.1111/mbe.12228
https://doi.org/10.1016/j.neuroscience.2024.07.015
https://doi.org/10.1080/10400419.2018.1488198
https://doi.org/10.1542/peds.2013-3219
https://doi.org/10.1007/s12311-011-0331-9
https://doi.org/10.1016/j.brainresbull.2006.01.002
https://doi.org/10.5672/APUNTS.2014-0983.ES.(2023/3).153.06
https://doi.org/10.3389/fspor.2022.965195


J. Clin. Med. 2025, 14, 172 15 of 17

23. Armando, D.; Rahman, H. The Effect of Training Methods and Eye-Foot Coordination on Dribbling Abilities in Students Aged
12–13 Years. Acta Fac. Educ. Phys. Univ. Comen. 2020, 60, 117–133. [CrossRef]

24. Iorga, A.; Jianu, A.; Gheorghiu, M.; Cret,u, B.; Eremia, I. Motor Coordination and Its Importance in Practicing Performance
Movement. Sustainability 2023, 15, 5812. [CrossRef]

25. Piras, A.; Lobietti, R.; Squatrito, S. A Study of Saccadic Eye Movement Dynamics in Volleyball: Comparison between Athletes
and Non-Athletes. J. Sports Med. Phys. Fitness 2010, 50, 99.

26. Stewart, E.E.M.; Ma-Wyatt, A. The Spatiotemporal Characteristics of the Attentional Shift Relative to a Reach. J. Vis. 2015, 15, 10.
[CrossRef]

27. Piek, J.; Dawson, L.; Smith, L.; Gasson, N. The Role of Early Fine and Gross Motor Development on Later Motor and Cognitive
Ability. Hum. Mov. Sci. 2008, 27, 668–681. [CrossRef]

28. Almeida, G.; Luz, C.; Rodrigues, L.; Lopes, V.; Cordovil, R. Profiles of Motor Competence and Its Perception Accuracy among
Children: Association with Physical Fitness and Body Fat. Psychol. Sport Exerc. 2023, 68, 102458. [CrossRef]

29. Lopes, V.; Rodrigues, L.P.; Maia, J.A.R.; Malina, R.M. Motor Coordination as Predictor of Physical Activity in Childhood. Scand. J.
Med. Sci. Sports 2011, 21, 663–669. [CrossRef]

30. Capio, C.; Eguia, K. Object Control Skills Training for Children With Intellectual Disability: An Implementation Case Study.
SAGE Open 2021, 11, 21582440211030603. [CrossRef]

31. Stewart, E.E.M.; Verghese, P.; Ma-Wyatt, A. The Spatial and Temporal Properties of Attentional Selectivity for Saccades and
Reaches. J. Vis. 2019, 19, 12. [CrossRef]

32. Bekkering, H.; Adam, J.J.; Kingma, H.; Huson, A.; Whiting, H.T.A. Reaction Time Latencies of Eye and Hand Movements in
Single-and Dual-Task Conditions. Exp. Brain Res. 1994, 97, 471–476. [CrossRef]

33. Wollesen, B.; Wanstrath, M.; Van Schooten, K.S.; Delbaere, K. A Taxonomy of Cognitive Tasks to Evaluate Cognitive-Motor
Interference on Spatiotemoporal Gait Parameters in Older People: A Systematic Review and Meta-Analysis. Eur. Rev. Aging Phys.
Act. 2019, 16, 12. [CrossRef]

34. Tomporowski, P.; Qazi, A. Cognitive-Motor Dual Task Interference Effects on Declarative Memory: A Theory-Based Review.
Front. Psychol. 2020, 11, 1015. [CrossRef]

35. Wulf, G. Attentional Focus and Motor Learning: A Review of 15 Years. Int. Rev. Sport Exerc. Psychol. 2013, 6, 77–104. [CrossRef]
36. Chauvel, G.; Palluel, E.; Brandao, A.; Barbieri, G.; Nougier, V.; Olivier, I. Attentional Load of Walking in Children Aged 7–12 and

in Adults. Gait Posture 2017, 56, 95–99. [CrossRef]
37. Beurskens, R.; Muehlbauer, T.; Granacher, U. Association of Dual-Task Walking Performance and Leg Muscle Quality in Healthy

Children. BMC Pediatr. 2015, 15, 2. [CrossRef]
38. Buck, S.; Hillman, C.; Castelli, D. The Relation of Aerobic Fitness to Stroop Task Performance in Preadolescent Children. Med. Sci.

Sports Exerc. 2008, 40, 166–172. [CrossRef]
39. Takahashi, S.; Grove, P. Use of Stroop Test for Sports Psychology Study: Cross-Over Design Research. Front. Psychol. 2020,

11, 614038. [CrossRef]
40. Chang, Y.; Chen, F.; Kuan, G.; Wei, G.; Chu, C.; Yan, J.; Chen, A.; Hung, T. Effects of Acute Exercise Duration on the Inhibition

Aspect of Executive Function in Late Middle-Aged Adults. Front. Aging Neurosci. 2019, 11, 460528. [CrossRef]
41. Goenarjo, R.; Bosquet, L.; Berryman, N.; Metier, V.; Perrochon, A.; Fraser, S.; Dupuy, O. Cerebral Oxygenation Reserve: The

Relationship Between Physical Activity Level and the Cognitive Load During a Stroop Task in Healthy Young Males. Int. J.
Environ. Res. Public Health 2020, 17, 1406. [CrossRef]

42. Plummer, P.; Zukowski, L.A.; Giuliani, C.; Hall, A.M.; Zurakowski, D. Effects of Physical Exercise Interventions on Gait-Related
Dual-Task Interference in Older Adults: A Systematic Review and Meta-Analysis. Gerontology 2015, 62, 94–117. [CrossRef]

43. Schott, N.; Klotzbier, T. Profiles of Cognitive-Motor Interference during Walking in Children: Does the Motor or the Cognitive
Task Matter? Front. Psychol. 2018, 9, 947. [CrossRef]

44. Michel, E.; Molitor, S. Fine Motor Skill Automatization and Working Memory in Children with and without Potential Fine Motor
Impairments: An Explorative Study. Hum. Mov. Sci. 2022, 84, 102968. [CrossRef]

45. Cinar, E.; McFadyen, B.; Gagnon, I. Differential Effects of Concurrent Tasks on Gait in Typically Developing Children:
A Meta-Analysis. J. Mot. Behav. 2021, 53, 509–522. [CrossRef]

46. Bouchard, D.; Tetreault, S. The Motor Development of Sighted Children and Children with Moderate Low Vision Aged 8–13.
J. Vis. Impair. Blind. 2000, 94, 564–573. [CrossRef]

47. Memmert, D. Pay Attention! A Review of Visual Attentional Expertise in Sport. Int. Rev. Sport Exerc. Psychol. 2009, 2, 119–138.
[CrossRef]

48. Wulf, G.; Shea, C.; Lewthwaite, R. Motor Skill Learning and Performance: A Review of Influential Factors. Med. Educ. 2010,
44, 75–84. [CrossRef]

49. Abdollahipour, R.; Land, W.M.; Valtr, L.; Banátová, K.; Janura, M. External Focus Facilitates Cognitive Stability and Promotes
Motor Performance of an Interceptive Task in Children. Int. J. Sport Exerc. Psychol. 2023, 21, 1024–1040. [CrossRef]

https://doi.org/10.2478/afepuc-2020-0010
https://doi.org/10.3390/su15075812
https://doi.org/10.1167/15.5.10
https://doi.org/10.1016/j.humov.2007.11.002
https://doi.org/10.1016/j.psychsport.2023.102458
https://doi.org/10.1111/j.1600-0838.2009.01027.x
https://doi.org/10.1177/21582440211030603
https://doi.org/10.1167/19.9.12
https://doi.org/10.1007/BF00241541
https://doi.org/10.1186/s11556-019-0218-1
https://doi.org/10.3389/fpsyg.2020.01015
https://doi.org/10.1080/1750984X.2012.723728
https://doi.org/10.1016/j.gaitpost.2017.04.034
https://doi.org/10.1186/s12887-015-0317-8
https://doi.org/10.1249/mss.0b013e318159b035
https://doi.org/10.3389/fpsyg.2020.614038
https://doi.org/10.3389/fnagi.2019.00227
https://doi.org/10.3390/ijerph17041406
https://doi.org/10.1159/000371577
https://doi.org/10.3389/fpsyg.2018.00947
https://doi.org/10.1016/j.humov.2022.102968
https://doi.org/10.1080/00222895.2020.1791038
https://doi.org/10.1177/0145482X0009400903
https://doi.org/10.1080/17509840802641372
https://doi.org/10.1111/j.1365-2923.2009.03421.x
https://doi.org/10.1080/1612197X.2022.2098356


J. Clin. Med. 2025, 14, 172 16 of 17

50. Piek, J.; Dyck, M.; Nieman, A.; Anderson, M.; Hay, D.; Smith, L.; McCoy, M.; Hallmayer, J. The Relationship between Motor
Coordination, Executive Functioning and Attention in School Aged Children. Arch. Clin. Neuropsychol. 2004, 19, 1063–1076.
[CrossRef]

51. Subara-Zukic, E.; McGuckian, T.; Cole, M.; Steenbergen, B.; Wilson, P. Locomotor-Cognitive Dual-Tasking in Children with
Developmental Coordination Disorder. Front. Psychol. 2024, 15, 1279427. [CrossRef]

52. Saemi, E.; Amo-Aghaei, E.; Moteshareie, E.; Yamada, M. An External Focusing Strategy Was Beneficial in Experienced Children
but Not in Novices: The Effect of External Focus, Internal Focus, and Holistic Attention Strategies. Int. J. Sports Sci. Coach. 2023,
18, 1067–1073. [CrossRef]

53. Andrade-Lara, K.; de la Casa Pérez, A.; Cubero Pacheco, A.; Párraga Montilla, J.; Martínez Redondo, M.; Cabrera Linares, J.;
Latorre-Román, P. Factors Influencing Gait Performance: Comfortable Linear Gait and Complex Gait in School-Aged Children in
a Dual-Task Model. J. Mot. Behav. 2024, 1–16. [CrossRef]

54. Latorre-Román, P.; Consuegra González, P.; Martínez-Redondo, M.; Cardona Linares, A.; Salas-Sánchez, J.; Lucena Zurita, M.;
Manjón Pozas, D.; Pérez Jiménez, I.; Aragón-Vela, J.; García-Pinillos, F.; et al. Complex Gait in Preschool Children in a Dual-Task
Paradigm Is Related to Sex and Cognitive Functioning: A Cross-Sectional Study Providing an Innovative Test and Reference
Values. Mind Brain Educ. 2020, 14, 351–360. [CrossRef]

55. Ghanbarzadeh, A.; Azadian, E.; Majlesi, M.; Jafarnezhadgero, A.; Akrami, M. Effects of Task Demands on Postural Control in
Children of Different Ages: A Cross-sectional Study. Appl. Sci. 2022, 12, 113. [CrossRef]

56. Robinson, L.; Wadsworth, D.; Peoples, C. Correlates of School-Day Physical Activity in Preschool Students. Res. Q. Exerc. Sport
2012, 83, 20–26. [CrossRef]

57. Barnett, L.; Van Beurden, E.; Morgan, P.; Brooks, L.; Beard, J. Gender Differences in Motor Skill Proficiency from Childhood to
Adolescence: A Longitudinal Study. Res. Q. Exerc. Sport 2010, 81, 162–170.

58. Temple, V.; Crane, J.; Brown, A.; Williams, B.; Bell, R. Recreational Activities and Motor Skills of Children in Kindergarten. Phys.
Educ. Sport Pedagog. 2016, 21, 268–280. [CrossRef]

59. Robinson, L. The Relationship between Perceived Physical Competence and Fundamental Motor Skills in Preschool Children.
Child Care Health Dev. 2011, 37, 589–596. [CrossRef]

60. Niemistö, D.; Finni, T.; Cantell, M.; Korhonen, E.; Sääkslahti, A. Individual, Family, and Environmental Correlates of Motor
Competence in Young Children: Regression Model Analysis of Data Obtained from Two Motor Tests. Int. J. Environ. Res. Public
Health 2020, 17, 2548. [CrossRef]

61. Lee, K.; Junghans, B.M.; Ryan, M.; Khuu, S.; Suttle, C.M. Development of a Novel Approach to the Assessment of Eye–Hand
Coordination. J. Neurosci. Methods 2014, 228, 50–56. [CrossRef] [PubMed]

62. Rasmussen, A.; Wohlfahrt-Veje, C.; De Renzy-Martin, K.; Hagen, C.; Tinggaard, J.; Mouritsen, A.; Mieritz, M.; Main, K. Validity of
Self-Assessment of Pubertal Maturation. Pediatrics 2015, 135, 86–93. [CrossRef] [PubMed]

63. Tanner, J.; Whitehouse, R.; Takaishi, M. Standards from Birth to Maturity for Height, Weight, Height Velocity, and Weight Velocity:
British Children, 1965 I. Arch. Dis. Child. 1966, 41, 454–471. [CrossRef] [PubMed]

64. Francis, C.; Longmuir, P.; Boyer, C.; Andersen, L.; Barnes, J.; Boiarskaia, E.; Cairney, J.; Faigenbaum, A.; Faulkner, G.; Hands,
B.; et al. The Canadian Assessment of Physical Literacy: Development of a Model of Children’s Capacity for a Healthy, Active
Lifestyle Through a Delphi Process. J. Phys. Act. Health 2016, 13, 214–222. [CrossRef]

65. Longmuir, P.; Boyer, C.; Lloyd, M.; Borghese, M.; Knight, E.; Saunders, T.; Boiarskaia, E.; Zhu, W.; Tremblay, M. Canadian Agility
and Movement Skill Assessment (CAMSA): Validity, Objectivity, and Reliability Evidence for Children 8–12 Years of Age. J. Sport
Health Sci. 2017, 6, 231–240. [CrossRef]

66. Kwon, Y.; Kwon, J.; Cho, I. The Difference of Gait Characteristic According to the Variety of Dual Tasks in Young Healthy Adults.
Work 2019, 63, 33–38. [CrossRef]

67. Lucia, S.; Aydin, M.; Di Russo, F. Sex Differences in Cognitive-Motor Dual-Task Training Effects and in Brain Processing of
Semi-Elite Basketball Players. Brain Sci. 2023, 13, 443. [CrossRef]

68. Scarpina, F.; Tagini, S. The Stroop Color and Word Test. Front. Psychol. 2017, 8, 557. [CrossRef]
69. Rodríguez Barreto, L.; Pulido, N.; Pineda Roa, C. Psychometric Properties of the Stroop Color-Word Test in Non-Pathological

Colombian Population. Univ. Psychol. 2016, 15, 255–272. [CrossRef]
70. Weir, J. Quantifying Test-Retest Reliability Using the Intraclass Correlation Coefficient and the SEM. J. Strength Cond. Res. 2005,

19, 231–240. [CrossRef]
71. Streiner, D.; Norman, G. Health Measurement Scales: A Practical Guide to Their Development and Their Use. Aust. N. Z. J. Public

Health 2008, 40, 294–295. [CrossRef]
72. Stratford, P. Getting More from the Literature: Estimating the Standard Error of Measurement from Reliability Studies. Physiother.

Canada 2004, 56, 027. [CrossRef]

https://doi.org/10.1016/j.acn.2003.12.007
https://doi.org/10.3389/fpsyg.2024.1279427
https://doi.org/10.1177/17479541221104158
https://doi.org/10.1080/00222895.2024.2419631
https://doi.org/10.1111/mbe.12256
https://doi.org/10.3390/app12010113
https://doi.org/10.1080/02701367.2012.10599821
https://doi.org/10.1080/17408989.2014.924494
https://doi.org/10.1111/j.1365-2214.2010.01187.x
https://doi.org/10.3390/ijerph17072548
https://doi.org/10.1016/j.jneumeth.2014.02.012
https://www.ncbi.nlm.nih.gov/pubmed/24657494
https://doi.org/10.1542/peds.2014-0793
https://www.ncbi.nlm.nih.gov/pubmed/25535262
https://doi.org/10.1136/adc.41.219.454
https://www.ncbi.nlm.nih.gov/pubmed/5957718
https://doi.org/10.1123/jpah.2014-0597
https://doi.org/10.1016/j.jshs.2015.11.004
https://doi.org/10.3233/WOR-192905
https://doi.org/10.3390/brainsci13030443
https://doi.org/10.3389/fpsyg.2017.00557
https://doi.org/10.11144/Javeriana.upsy15-2.ppst
https://doi.org/10.1519/15184.1
https://doi.org/10.1111/1753-6405.12484
https://doi.org/10.2310/6640.2004.15377


J. Clin. Med. 2025, 14, 172 17 of 17

73. Leon-Llamas, J.L.; Villafaina, S.; Murillo-Garcia, A.; Domínguez-Muñoz, F.J.; Gusi, N. Test–Retest Reliability and Concurrent
Validity of the 3 m Backward Walk Test under Single and Dual-Task Conditions in Women with Fibromyalgia. J. Clin. Med. 2022,
12, 212. [CrossRef] [PubMed]

74. Hopkins, W.; Marshall, S.; Batterham, A.; Hanin, J. Progressive Statistics for Studies in Sports Medicine and Exercise Science. Med.
Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef] [PubMed]

75. Solum, M.; Lorås, H.; Pedersen, A. A Golden Age for Motor Skill Learning? Learning of an Unfamiliar Motor Task in 10-Year-Olds,
Young Adults, and Adults, When Starting From Similar Baselines. Front. Psychol. 2020, 11, 538. [CrossRef]

76. Van Hooren, B.; De Ste Croix, M. Sensitive Periods to Train General Motor Abilities in Children and Adolescents: Do They Exist?
A Critical Appraisal. Strength Cond. J. 2020, 42, 7–14. [CrossRef]

77. Sánchez-Lastra, M.; Varela, S.; Cancela, J.; Ayán, C. Improving Children’s Coordination with Proprioceptive Training. Apunt.
Educ. Fis. Y Deport. 2019, 136, 22–35. [CrossRef]

78. Butterfield, S.; Angell, R.; Mason, C. Age and Sex Differences in Object Control Skills by Children Ages 5 to 14. Percept. Mot. Skills
2012, 114, 261–274. [CrossRef]

79. Hillman, C.; Erickson, K.; Kramer, A. Be Smart, Exercise Your Heart: Exercise Effects on Brain and Cognition. Nat. Rev. Neurosci.
2008, 9, 58–65. [CrossRef]

80. Tomporowski, P.; Davis, C.; Miller, P.; Naglieri, J. Exercise and Children’s Intelligence, Cognition, and Academic Achievement.
Educ. Psychol. Rev. 2008, 20, 111–131. [CrossRef]

81. van der Fels, I.; te Wierike, S.; Hartman, E.; Elferink-Gemser, M.; Smith, J.; Visscher, C. The Relationship between Motor Skills
and Cognitive Skills in 4–16 Year Old Typically Developing Children: A Systematic Review. J. Sci. Med. Sport 2015, 18, 697–703.
[CrossRef] [PubMed]

82. Chang, Y.; Tsai, Y.; Chen, T.; Hung, T. The Impacts of Coordinative Exercise on Executive Function in Kindergarten Children: An
ERP Study. Exp. Brain Res. 2013, 225, 187–196. [CrossRef] [PubMed]

83. Cenizo-Benjumea, J.; Galvez-González, J.; Ramírez-Lechuga, J.; Ferreras-Mencía, S. EffEct of Maturation and Extracurricular
Sports ActivitiEs on Motor Coordination. A Longitudinal Study. Cult. Cienc. Y Deport. 2024, 19, 2096. [CrossRef]

84. Karim, O.; Ammar, A.; Chtourou, H.; Wagner, M.; Schlenker, L.; Parish, A.; Gaber, T.; Hökelmann, A.; Bös, K. A Comparative
Study of Physical Fitness among Egyptian and German Children Aged Between 6 and 10 Years. Adv. Phys. Educ. 2015, 5, 7–17.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm12010212
https://www.ncbi.nlm.nih.gov/pubmed/36615014
https://doi.org/10.1249/MSS.0b013e31818cb278
https://www.ncbi.nlm.nih.gov/pubmed/19092709
https://doi.org/10.3389/fpsyg.2020.00538
https://doi.org/10.1519/SSC.0000000000000545
https://doi.org/10.5672/APUNTS.2014-0983.ES.(2019/2).136.02
https://doi.org/10.2466/10.11.25.PMS.114.1.261-274
https://doi.org/10.1038/nrn2298
https://doi.org/10.1007/s10648-007-9057-0
https://doi.org/10.1016/j.jsams.2014.09.007
https://www.ncbi.nlm.nih.gov/pubmed/25311901
https://doi.org/10.1007/s00221-012-3360-9
https://www.ncbi.nlm.nih.gov/pubmed/23239198
https://doi.org/10.12800/ccd.v19i61.2096
https://doi.org/10.4236/ape.2015.51002

	Introduction 
	Materials and Methods 
	Participants 
	Materials and Testing 
	Anthropometric Measurements 
	Eye–Foot Coordination (EFC) Tests 
	Auditory Interference (AI) 
	Visual Interference (VI) 

	Procedure 
	Statistical Analyses 

	Results 
	Discussion 
	Study Strengths and Limitations 
	Practical Applications 

	Conclusions 
	References

